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r e l a t i o n  t o  e l e n e n t a l  d i e t  f e e d i n g  have been  i n v e s t i g a t e d .  
The two d i e t s  s t u d i e d  were Vivonex and F l e x i c a l ,  w hich  
d i f f e r  i n  t n e i r  f a t  c o n t e n t ,  t h e  n a t u r e  o f  t h e  n i t r o g e n  
s o u r c e  and t h e  ca rboh^ rd ra te  c o m p o s i t i o n .  S e c t i o n  IV i s  a  
g e n e r a l  d i s c u s s i o n  s e c t i o n .
S e c t i o n  I I
Measurement o f  f a e c a l  b i l e  a c i d s  u s i n g  gas  l i q u i d  
c h r o m a to g r a p h y  i s  d i s c u s s e d  i n  I h a p t e r  5 and t h e  method 
u s e d  f o r  t a e  e x p e r i m e n t s  i n  C h a p t e r s  6 ,  7 and 9 i s  
d e s c r i b e d .  A f t e r  e x t r a c t i o n  and d e c o n j u g a t i o n ,  t h e  b i l e  
a c i d s  were c n r o m a to g ra p h e d  a s  t h e  me thy l  e s t e r s  on OV-17 
co lumns em ploy ing  23-N o rd e o x y c h o l i c  a c i d  ps a t r u e  
i n t e r n a l  s t a n d a r d  t h r o u g h o u t  t  ;e method. The c o e f f i c i e n t  
o f  a v a r i a t i o n  f o r  d u p l i c a t e  a n a l y s e s  i n  t h e  same b a t c h  
was 11 .4 r>  and be tween  b a t c h e s  i t  was 1 2 .8 ;^  T h i s  was 
c o n s i d é r é  I t o  be s a t i s f a c t o r y  f o r  a  lo n g  c o m p l i c a t e d  
a s s a y ,  and f o r  f ' e  s t u d y  o f  g r o s s  changes  i n d u c e d  by 
e l e m e n t a l  d i e t  f e e d i n g .
The e f f e c t  o f  e l e m e n t a l  d i e t  f e e d i n g  f o r  t ! i r e e  months 
on r a t  body w e i g n t ,  f a e c a l  w e ig h t  and t o t a l  f a e c a l  b i l e  
e x c r e t i o n  i s  d e s c r i b e d  i n  C h a p t e r  6 .  An i n i t i a l  l a g  
was n o t e d  i n  body w e ig h t  g a i n  f o r  t h e  r a t s  f e d  Vivonex 
b u t  t h e  body w e ig h t  o f  t h e  Vivonex  f e d  r a t s  was i n  f a c t  
g r e a t e r  t h a n  t h a t  o f  t h e  c o n t r o l s  a t  t h e  end o f  t h e  s t u d y ,  
a l t h o u g h  t h e  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  
f o r  on ly  two o f  th e  t h r e e  g ro u p s  s t u d i e d .  F l e x i c a . l  f e d  
r a t s  g a i n e d  more w e ig h t  t h a n  c o n t r o l s  b u t  t h e  d i f f e r e n c e  
was o n ly  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  weeks 3 and 3. Cry 
w e i g h t  o f  f a e c e s  was m a rk e d ly  r e d u c e d  i n  t h e  elementa-l  
d i e t  f e d  r a t s  f rom a b o u t  50g/v/eek to  2 o r  ^ gA 'cek .  T o t a l  
f a e c a l  b i l e  a c i d s  were  s i g n i f i c a n t l y  r e d u c e d  i n  t h e  r a t s  
f e d  Vivonex compared w i t h  c o n t r o l s  i n  a l l  t h r e e  g ro u n s  
s t u d i e d ,  S i m i l a r  r e s u l t s  were  o b t a i n e d  f o r  F l e x i c a l  
f e e d i n g  s u g g e s t i n g  t h a t  t h e  v e r y  low f a t  c o n t e n t  o f  Vivonex 
i s  n o t  i t s  most  i m p o r t a n t  n r o p e r t y  i n  t h i s  r e s p e c t .
I n  C h a p t e r  7 t h e  c o m p o s i t i o n  o f  t h e  b i l e  a c i d s  
e x c r e t e d  was i n v e s t i g a t e d  and a r e d u c e d  b a c t e r i a l  d e g r a d a t i o n  
f o u n d  i n  t h e  r a t s  f e d  V ivonex ,  The changes  w i t h  F l e x i c a l  
f e e d i n g  w ere  somewhat d i f f e r e n t  and d i d  n o t  s u g g e s t  t h e  
same r e d a c t i o n  o f  b a c t e r i a l  d e g r e d a t i o n  as w i t h  Vivonex 
f e e d i n g .
I n  C h a p t e r  3 b i l e  a c i d  k i n e t i c s  were s t u d i e d  i n  t h e  
r a t s  by f o l l o w i n g  t h e  e x c r e t i o n  o f  ^^C l a b e l l e d  c h o l i c  
a c i d ,  A marked r e d u c t i o n  i n  b i l e  a c i d  t u r n o v e r ,  b u t  no 
c h a n g e  i n  t h e  c a l c u l a t e d  poo l  s i z e , was found d u r i n g  
e l e n e n t a l  d i e t  f e e l i n g .  L i v e r  c h o l e s t e r o l  l e v e l s  were  a l s o  
m easu red  and found  t o  be e l e v a t e d  i n  t h e  r a t s  f e d  t h e  
e l e m e n t a l  d i e t s .  Again  t h e  changes  were more marked i n  
t h e  r a t s  fed  V ivonex .
In Chapter 9 the  r e s u l t s  o f  the  animal s t u d i e s  have 
been  extended to  humans, and the use  o f  Vivonex i n  the  
management o f  p a t i e n t s  w i t h  b i l e  a c i d  induced ' c h o l e r h e i c ' 
d ia rr o n o e a  i n v e s t i g a t e d .  A s i g n i f i c a n t  re d u c t io n  in  
f a e c a l  b i l e  a c i d  e x c r e t i o n  was found w i th  a con com it tan t  
improve:.ient in  the  diarz'hoea o f  t h e s e  p a t i e n t s .  One 
p o s s i b l e  c o n t r i b u t i n g  f a c t o r  was thought to  be reduced  
g a l l b l a d d e r  s t i m u l a t i o n  as a r e s u l t  o f  the low fa.t and 
low n i t r o g e n  c o n te n t  o f  V ivonex,  The e f f e c t  o f  Vivonex  
compared w i t h  a Lundh t e s t  meal on p a n c r e a t i c  s e c r e t i o n  
was t h e r e f o r e  examined as reported  in  Chapter 10,  A 
reduced c h o le c y s t o k i n i n - p a n c r e o s y m i n  response  was 
i n d i c a t e d  by the  reduced t r y p s i n  s e c r e t i o n  induced by 
V ivonex ,
S e c t i o n  I I I
The e f f e c t s  o f  Vivonex and F l e x i c a l  f e e d i n g  on the  
morphology o f  r a t  jej\mum were i n v e s t i g a t e d ,  i n  Chapter 11,  
s i n c e  b i l e  and n a n c r e a t i c  s e c r e t i o n s  are Ion own to  
i n f l u e n c e  sm al l  bowel s t r u c t u r e  and f u n c t i o n .  Both  d i e t s  
r e s u l t e d  in  a reduced c r y p t  h e ig h t  to  v i l l u s  h e ig h t  
r a t i o  i n d i c a t i v e  o f  an improved s u r v i v a l  o f  th e  mature 
e n t e r o c y t e  p o p u l a t io n ,  in  both  the  jejunum and i leum.
When the  e f f e c t s  on jejunum and i leum were compared a 
s l i g h t  d i f f e r e n c e  between the  two d i e t s  was observed .  In 
Chapter  12 a l k a l i n e  p aosnhatase  and d i s a c c h a r i d a s e  a c t i v i t i e s  
o f  the  j e j u n a l  mucosa were i n v e s t i g a t e d .  Very l i t t l e  
f u n c t i o n a l  change accompanying the  morphological  changes  
during  e l e m e n t a l  d i e t  f e e d i n g  was observed when a s s e s s e d  
by t n i s  me ; h j d , and d i saoc  hari  base a c t i v i t y  may be d i r e c t l y
a f f e c t e d  by t h e  c a r b o h y d r a t e  c o n t e n t  o f  th e  d i e t s  
anyway.
A more o h y s i o l o g i c a l  measure o f  f u n c t i o n  wo.s 
i n v e s t i g a t e d ,  a s  d e s c r i b e d  i n  C h a p t e r  13,  by p e r f u s i n g  
t n e  je junum i n  v i v o ,  i n  a n a e s t h e t i s e d  r a t s ,  and 
m e a s u r i n g  w a t e r  a n i  g l u c o s e  a b s o m t i o n .  The r e s u l t s  
ob ta . ined  were r a t h e r  s u r p r i s i n g  i n  tha . t  t h e r e  was no 
d i f f e r e n e e  b e tw e e n  t h e  c o n t r o l  and Vivonex  f e d  r a t s ,  b u t  
t h e  je junum  o f  t h e  r a t s  f e d  F l e x i c a l  a b s o rb e d  s i g n i f i c a n t l y  
l e s s  t h a n  t h e  c o n t r o l s .  The r e s u l t s  a r e  d i s c u s s e d  i n  
r e l a t i o n  t o  n u t r i t i o n a l  demand and huiDoj^ral r e g u l a t i o n  
o f  s m a l l  bowel  f u n c t i o n ,  and i t  i s  p o s s i b l e  t l i a t  t h e  i l eu m  
may i n  f a c t  show a  d i f f e r e n c e  be tw een  t h e  c o n t r o l  and 
V ivonex  f e d  r a t s .  The i n i t i a l  r e s u l t s  f o r  t h e  m o r p h o l o g i c a l  
ch a n g e s  i n  r a t  je junum d u r i n g  e l e m e n t a l  d i e t  f e e d i n g  
s u g g e s t e d  t h a t  Vivonex m igh t  be b e n e f i c i a l  i n  t h e  i n i t i a l  
t r e a t m e n t  o f  p a t i e n t s  w i t h  a d u l t  c o e l i a c  d i s e a s e ^  i n  whom 
c e l l  t u r n o v e r  i s  g r e a t l y  a c c e l e r a t e d ,  and a s t u d y  o f  t h i s  
was u n d e r t a k e n  as d e s c r i b e d  i n  C h a n t e r  1 4 . Ho a d d i t i o n a l  
b e n e f i t  o f  V ivonex  o v e r  t r e a t m e n t  w i t h  a g l u t e n - f r e e  d i e t  
a l o n e  was d e m o n s t r a t e d  by p e r f u s i o n  o f  t h e  p ro x im a l  je junum.  
I t  i s  p o s s i b l e ,  however,  t h a t  i n  t h e  d i s t a l  s m a l l  bow el ,  
where t h e  g l u t e n  damage i s  l e s s  s e v e r e ,  t h a t  Vivonex  may 
have had a d e m o n s t r a b l e  b e n e f i c i a l  e f f e c t .
COnCbÜoIOhd
The mechanism o f  t h e  changes  i n d u c e d  by  e l e m e n t a l  
d i e t  f e e d i n g ,  e s n e c i a ' l y  t h o s e  o f  Vivonex on b i l e  a c i d  
m e ta b o l i s m  and s n a i l  bowel morphology ,  c o u ld  be f u r t h e r
i n v e s t i g a t e d  by r e p e a t i n g  t h e  e x n e r im e n t s  i n  g e r m - f r e e  
r a t s . Many a s p e c t s  - f  t h e  change s  in d u c e d  by Vivonex  
f e e d i n g  i n  r a t s  r e p r o d u c e  t h e  s i t u a t i o n  i n  g e r m - f r e e  
r a t s . Ko a c c e s s  t o  a  g e r m - f r e e  r a t  co lony  was a v a i l a b l e  
however .
I n v e s t i g a t i o n  o f  t h e  f u n c t i o n  o f  t h e  i l e u m  might  
show a d i f f e r e n c e  be tw een  e l e m e n t a l  d i e t  f e d  r a t s  and 
c o n t r o l s ,  and  may y i e l d  i m p o r t a n t  i n f o r m a t i o n  a b o u t  t h e  
c o n t r o l  o f  no rm al  s m a l l  bowel s t r u c t u r e  and f u n c t i o n .
The u s e  o f  V ivonex a l o n e  i n  t h e  i n i t i a l  t r e a t m e n t  o f  
a d u l t  c o e l i a c  d i s e a s e  may p roduce  a more r a p i d  improvement 
t  ban a  g l u t e n - f r e e  d i e t ,  w i t h  o r  if i t  bou t  Vivonex 
sup;"^lements, i f  t h e  low r e s i d u e  n a t u r e  o f  t h e  d i e t  i s  
an i m p o r t a n t  p r o p e r t y  i n  r e l a t i o n  t o  s m a l l  bowel morphology.
CHAPTER 1
AIMS OF STUDY
The work I'o.f t h e  G r e e n s t e i n  group  i n  d e v e l o p i n g  a  
c o m p le te  w a t e r  s o l u b l e  c h e m i c a l l y  d e f i n e d  d i e t  ( G r e e n s t e i n  
e t  a l ,  i 960 ) and t h e  l a t e r  s t u d i e s  o f  Bounous and c o - w o r k e r s  
w i t h  l i q u i d  s e m i - h y d r o l y s e d  d i e t s  (Bounous e t  a l ,  196? a , b )  
p a v e d  t h e  way f o r  t h e  p r o d u c t i o n  and m a r k e t in g  o f  com mercia l  
e l e m e n t a l  d i e t s .  These d i e t s  f o r  human t h e r a p y  p r o v i d e  a 
d e f i n e d  and  c o n s t a n t  c o m p o s i t i o n  f o r  each  p r o d u c t .  Th is  
o f f e r s  a d v a n t a g e s  f o r  q u a n t i t a t i v e  s t u d i e s  i n  t h a t  p r e v i o u s  
s t u d i e s  f rom d i f f e r e n t  l a b o r a t o r i e s  employed d i e t s  w i t h  
w i d e l y  v a r y i n g  c o m p o s i t i o n s  and made r e p r o d u c i b i l i t y  o f  
r e s u l t s  d i f f i c u l t .
C l i n i c a l  s t u d i e s  have  shown t h a t  t h e  com m erc ia l  e l e m e n t a l  
d i e t s  a r e  s a f e  f o r  l o n g  terra n u t r i t i o n a l  s u p p o r t  and t ^ e i r  
u s e f u l n e s s  i n  many c l i n i c a l  s i t u a t i o n s  has  been  d e m o n s t r a t e d .  
The b a s i c  p h y s i o l o g i c a l  e f f e c t s  o f  e l e m e n t a l  d i e t  f e e d i n g  
have n o t  been  i n v e s t i g a t e d  t o  any g r e a t  e x t e n t  and many o f  
t h e  c l i n i c a l  s t u d i e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  have been 
u n c o n t r o l l e d  and r e t r o s p e c t i v e .
C e r t a i n  o b s e r v a t i o n s  i n d i c a t e d  t h a t  t h e  e f f e c t s  o f  
e l e n e n t a l  d i e t  f e e d i n g  on p a n c r e a t i c  f u n c t i o n ,  b i l e  a c i d  and 
c h o l e s t e r o l  m e ta b o l i s m ,  and s m a l l  bowel s t r u c t u r e  and 
f u n c t i o n  r e q u i r e d  i n v e s t i g a t i o n :
( i )  Serum c ' " o l e s t e r o l  l e v e l s  and g u t  m i c r o f l o r a  p o m i l a t i o n s  
were  r e d u c e d  by e l e m e n t a l  d i e t  f e e d i n g  and t h e  n a t u r e  
o f  t h e  c a r b o h y d r - ' t e  s o u r c e  i n f l u e n c e d  t h e  r e s o o n s e  
( W in i t z  e t  a l ,  1970  a , b ) .
( i i )  F a e u a l  b i l e  a c i d  e x c r e t i o n  and th e  d e g r a d a t i o n  o f  
n e u t r a l  s t e r o l s  were r e d u c e d  i n  t h r e e  v o l u n t e e r s ,  
a l t h o u g h  marked c :anges i n  f a e c a l  f l o r a  were n o t  found 
i n  t h i s  s t u d y  (Crov / tner  e t  a l ,  1973) .
( i i i )  A p r o t e c t i v e  e f f e c t  o f  e l e m e n t a l  d i e t  f e e d i n g  
a g a i n s t  th e  i n t e s t i n a l  l e s i o n s  p roduced  by hypo­
vo le m ic  shock  and 5 - f l n o r o u r a c i l  a d m i n i s t r a t i o n  was 
d e m o n s t r a t e d  (Bounous e t  a l ,  196? a , b ;  1971 a , b ) .
( i v )  B e n e f i t s  o f  e l e m e n t a l  d i e t  f e e d i n g  i n  p a t i e n t s  w i t h  
c o m p l i c a t e d  p a n c r e a t i t i s  were  r e n o r t e d  ( V o i t k  e t  a l ,  
1975  d)  b u t  r e p o r t s  o f  t h e  e f f e c t s  on p a n c r e a t i c  
s e c r e t i o n  i n  v a r i o u s  s p e c i e s  a r e  c o n t r a d i c t o r y .  
(R a g in s  e t  a l ,  1 9 7 3 î K e l l y  and Nyhrwold,  1976) .
The a ims o f  t h e  s t u d i e s  r e n o r t e d  i n  t h i s  t h e s i s  were 
t o  i n v e s t i g a t e  t h e  b a s i c  p h y s i o l o g i c a l  e f f e c t s  of  e l e m e n t a l  
d i e t  f e e d i n g  on b i l e  a c i d  m e tab o l i s m ,  p a n c r e a t i c  s e c r e t i o n  
and s m a l l  i n t e s t i n a l  s t r u c t u r e  and f u n c t i o n  i n  a n i m a l s ,  and 
t o  a p p l y  t h e  f i n d i n g s  t o  p a t i e n t s  when a p p r o p r i a t e .
The f i r s t  e l e m e n t a l  d i e t  t o  be m arke ted  i n  B r i t a i n  was 
Vivonex ,  w h ich  was i n t r o d u c e d  i n  1974? nnd so s t u d i e s  w i t h  
t h i s  d i e t  were  o r i g i n a l l y  u n d e r t a k e n .  When F l e x i c a l  became 
a v a i l a b l e  t h e  s t u d i e s  were e x t e n d e d  t o  compare t h i s  d i e t  




T h ere  h?.s t e en  much d e b a t e  i n  t h e  l i t e r a t u r e  o v e r  t h e  
d e s c r i p t i o n  o f  w a t e r  s o l u b l e  d i e t s  w hich  c o n t a i n  p r o t e i n  
hydro  l y s a t e s  o r  s y n t h e t i c  ajnino a c i d s ,  t o g e t h e r  w i t h  a 
s im p l e  s o u r c e  o f  ca rbo l iyd raTe  and f a t ,  and w hich  a l s o  s u p p ly  
t h e  v i t a m i n s  and m i n e r a l s  n e c e s s a r y  t o  p r o v i d e  a  com p le te  
form o f  n u t r i t i o n .
The deve lopm en t  by G r e e n s t e i n  and h i s  c o l l e a g u e s  o f  
e n z y m a t i c  methods  f o r  t h e  p r o d u c t i o n  o f  l a r g e  q u a n t i t i e s  
o f  p u r e  b-amino  a c i d s  i n  t h e  l a b o r a t o r y  l e d  t o  t h e i r  
e x t e n s i v e  s t u d y  o f  w a t e r  s o l u b l e  d i e t s  c o n t a i n i n g  s y n t h e t i c  
amino a c i d s  (W in i t z  e t  a l ,  I 9 6 0 ) .  They u sed  t h e  te rm  
' c h e m i c a l l y  d e f i n e d  d i e t ' t o  d e s c r i b e  t h e i r  f o r m u l a t i o n  
w h ich  c o n t a i n e d  s y n t h e t i c  amino a c i d s  and v i t a m i n s  t o g e t h e r  
w i t h  g l u c o s e  and m i n e r a l s .  S e p a r a t e  c o r n - o i l  su p p lem en ts  
c o n t a i n i n g  t h e  f a t  s o l u b l e  v i t a m i n s  w^ere used  f o r  th e  
i n i t i a l  a n im a l  d i e t s  ( G r e e n s t e i n  e t  a l ,  1957) and so t h e  
d i e t s  were  n o t  com-^lete and t h e  f a t  s o u r c e  was no t  c h e m i c a l l y  
d e f i n e d  b u t  a n a t u r a l  fo o d .  They l a t e r  i n c o r p o r a t e d  th e  
f a t  s o l u b l e  v i t a m i n s  i n t o  t h e  d i e t  w i t h  a i d  o f  Tween 30 and 
e t h y l  l i n o l e a t e  was added  as t h e  s o u r c e  o f  e s s e n t i a l  f a t t y  
a c i d ,  f'-.e r e s u l t  was a  n u t r i t i o n a l l y  c o m p le t e ,  c h e m i c a l l y  
d e f i n e d ,  w a t e r  s o l u b l e  d i e t  ( G r e e n s t e i n  e t  a l ,  I 9 6 0 ) .  The 
c o m m e r c i a l l y  a v a i l a b l e  d i e t s  b a sed  on t h e i r  f o r m u l a t i o n ,  
t h a t  i s  C o n t a i n i n g  s y n t h e t i c  amino a c i d s ,  Cannot r e a l l y  be 
r e g a r d e d  as  che . id e a l ly  d e f i n e d  b eca u se  c o r n  s y r u p  s o l i  I s ,  
c o n s i s t i n g  o f  g lu c o s e  and :;Tucose o l i g o s a c c h a r i d e s ,  a r e  
u s e d  i n  p l a c e  o f  g l u c o s e  and s a f f l o w e r  o i l  i s  used  r a t  ^er 
t h a n  c u re  l i n o l e a t e .
In  1967 Bounous and b i s  c o l l e a g u e s  co ined  the  term 
’. e lemental  d i e t  ’ f o r  t h e i r  d i e t  form ulat ion  c o n t a i n i n g  
n ydro lysed  p r o t e i n ,  Soybean o i l  emuls ion ,  s u cro s e  a.nd tb e  
n e c e s s a r y  v i ta m in s  and s a l t s  (Bounous e t  a l ,  H 67 h ) .
The t e rm  ' e l e m e n t a l '  was t h u s  used  i n  i t s  w id e r  a r n l i c a t i o n  
im p l y i n g  component  o r  c o n s t i t u e n t  p a r t s ,  r a t h e r  t h a n  t h e  
t r u e  s c i e n t i f i c  meaning ,  and r e f e r s  p a r t i c u l a r l y  t o  t h e  
p r o t e i n  component  o f  t h e  d i e t ,
N u t r i t i o n a l l y  c o m p l e t e ,  w a t e r  s o l u b l e  d i e t s  c o n t a i n i n g  
amino a c i d s  o r  h y d r o l y s e d  p r o t e i n ,  t o g e t h e r  w i t h  o t h e r  
n u t r i e n t s  i n  an  e a s i l y  d i g e s t i b l e  fo rm, became c o m m e r c i a l l y  
a v a i l a b l e  f o r  c l i n i c a l  u se  a t  t h e  b e g i n n i n g  o f  t h e  1 9 7 0 ' s  
and  s i n c e  t h e n  t h e  t e rm  ' e l e m e n t a l  d i e t ’ has  b e e n  w i d e l y  
u s e d  f o r  t h e i r  d e s c r i p t i o n .  I t  i s  u sed  t o  d e s c r i b e  d i e t s  
c o n t a i n i n g  s y n t ’- e t i c  amino a c i d s  ( i l i l l e r  and Taboada ,  1975) 
and  a l s o  t h o s e  b a s e d  on p r o t e i n  h y d r o l y s a t e s  w h ich  i n c l u d e  
o l i g o p e p t i d e s  (Bounous e t  a l ,  197 4 ) .
I n  1975  R u s s e l l  d e f i n e d  an e l e m e n t a l  d i e t  a s ”a food 
w h ich  C o n t a i n s  an e l e m e n t a l  p r o t e i n  s o u r c e ,  i n  t h e  form o f  
amino a c i d s  w i t h  o t h e r  e a s i l y  d i g e s t i b l e  n u t r i e n t s ,  m i n e r a l s ,  
and  v i t a m i n s  added  and f a t  p r e s e n t  i n  v e r y  s m a l l  q u a n t i t i e s '  
(■Russel l ,  1 9 7 5 ) • Of t h e  two d i e t s  a v a i l a b l e  i n  B r i t a i n  t h i s  
d e f i n i t i o n  r e a l l y  on ly  a p p l i e s  t o  Vivonex and does  n o t  
c o v e r  F l e x i c a l  wmich c o n t a i n s  o l i g o p e p t i d e s  and amino a c i d s  
p l u s  a c o n s i d e r a b l e  q u a n t i t y  o f  f a t .  S ince  b o t h  d i e t s  c o n t a i n  
c o r n  s y r u p  s o l i d s  and n a t u r a l  s o u r c e s  o f  f a t  t h e y  c a n n o t  
r e a l l y  be c o n s i d e r e d  as  " c h e m i c a l ly  d e f i n e d "  a l t h o u g h  
t h i s  t e rm  was a p p l i e d  t o  Vivonex by C row ther  e t  a l  i n
1 1 7 5 *
A t h i r l  t e rm  v; ) ioh  has  been  a n p l i e d  t o  t h e s e  d i e t s  
i s  " sp a ce  d i e t "  ( V/iriit'/. e t  a l ,  1965) and t h e r e  was much 
i n t e r e s t  i n  t h e i r  u s e  as  n u t r i t i o n  f o r  man i n  spc-tcea T h i s  
t e rm ,  however ,  does  n o t  d e s c r i b e  t h e  d i e t  b u t  one 
a p p l i c a t i o n  o f  i t ,  and has  n o t  been  w id e ly  u s e d .  The 
d i e t s  have a l s o  b e e n  d e s c r i b e d  as  " s y n t h e t i c " ,  b u t  a g a i n  
t h i s  i s  n o t  an a c c u r a t e  d e s c r i p t i o n  o f  t h e  commercia l  
p r o d u c t s  and i s  n o t  u s e d .
The b r o a d e r  d e f i n i t i o n  o f  an e l e m e n t a l  d i e t  as  
o r i g i n a l l y  c o i n e d  by Bounous (Bounous e t  a l ,  I 967  b )  t h u s  
has  g r e a t e r  a p p l i c a b i l i t y  and c o v e r s  any w a t e r  s o l u b l e ,  
n u t r i t i o n a l l y  c o m o le te  d i e t  which  c o n t a i n s  h y d r o l y s e d  
p r o t e i n  and c a r b o h y d r a t e , r e g a r d l e s s  o f  w h e th e r  t h e  
h y d r o l y s i s  t o  t n e  c o n s t i t u e n t  monomers i s  c o m o le te  o r  
p a r t i a l .
jildTORY AND BEVEbOB/LEhT
I t  was d e m o n s t r a t e d  by A bder ' ia lden  and c o - w o r k e r s  t h a t  
dogs c o u l d  be m a i n t a i n e d  on h y d r o l y s e d  p r o t e i n  p l u s  s t a r c h ,  
l a r d  and bone a s h  and he w r o te  -  "We s e e k  p r o o f  t h a t  t h e  
an im a l  o rg a n i s m  can  w h o l ly  c o v e r  h i s  needs  e x c l u s i v e l y  w i t h  
t h e  s i m p l e s t  b u i l d i n g  u n i t s  o f  f o o d "  (A b d e rh a ld en  e t  a l ,  
1 9 0 9 ) .  we l a t e r  m a i n t a i n e d  dogs f o r  43-74 days on a  d i e t  
composed o f  c o m p l e t e l y  h y d r o l y s e d  c a s e i n  s u p p lem en ted  w i t h  
t r y p t o p h a n  toget ' - ' .er  w i t h  g l u c o s e ,  f a t t y  a c i d s ,  bone as  ' 
and a m i x t u r e  o f  p u r i n e s  and p y r m i d in e s .  T h i s  l e d  him 
t o  s t a t e  t h a t  -  " s c i e n c e  would a t  one t im e  make such  
g r e a t  a d v an c es  t " a t  t h e  p o s s i b i l i t y  would be a f f o r d e d  
t o  m a n u fa c t u r e  f o o d - s t u f f s  by s y n t h e t i c  means,  - . i t h o u t  
do ub t  t h i s  o b j e c t i v e  i s  u r e s e n t l y  a t t a i n a b l e " .  (A b d e rh a ld e n  
and  J l i r s c h ,  1912) .
T h i s  s t a t e m e n t  was r a t h e r  o i i t i r n i s t i c  s i n c e  t>ie r o l e  o f  
v i t a m i n s  i n  n u t r i t i o n  d i d  n o t  r e c e i v e  much a t t e n t i o n  u n t i l  
1 9 1 1 - 1 9 1 5 ? and t h e  b i o c h e m i c a l  t e c h n i q u e s  f o r  r e c o v e r i n g  
a l l  t h e  amino a c i d s  f rom p r o t e i n  h y d ro ly s a t . e s  were  n o t  
a v a i l a b l e . A l th o u g h  t h e  c o n c e p t  o f  e s s e n t i a l  and  non- 
e s s e n t i a l  amino a c i d s  was emerging  w i t h  t h e  d i s c o v e r y  tha . t  
p r o l i n e  was a p p a r e n t l y  d i s p e n s a b l e  from p r o t e i n  h y d r o l y s a t e  
and  , t r y p to p r , a n  w a s n ' t ,  m e t h i o n i n e  and t h r e o n i n e  were no t  
even  i d e c t i f i e d  u n t i l  1921 and 1955? r e s p e c t i v e l y .  ( G r e e n s t e i n  
and  W i n i t z , I 9 6 1 ) ,  Thus ,  a t t e m p t s  t o  d e v e lo p  s y n t h e t i c  
d i e t s  became overshadowed by t h e  e l u c i d a t i o n  o f  t h e  f u l l  
a n i n o  a c i d  r e q u i r e m e n t s  o f  r a t s  and man, and were n o t  
p o s s i b l e  u n t i l  p u r e  L-a.mino a c i d s  c o u l d  be p r e p a r e d  i n  
q u a n t i t y  as  a  r e s u l t  o f  t h e  work o f  G r e e n s t e i n  and W i n i t z  
i n  t h e  1 9 5 0 ' s .  ( W i n i t z  e t  a l ,  i 9 6 0 ) .
I n  1951  Rose b e g a n  t h e  f i r s t  o f  h i s  l o n g  s e r i e s  o f  
s t u d i e s  i n t o  t h e  amino a c i d  r e q u i r e m e n t s  o f  r a t s  and man. 
Amino a c i d  m i x t u r e s  were  c o n s t r u c t e d  u s i n g  some amino a c i d s  
f rom  p r o t e i n  h y d r o l y s a t e s  and s y n t h e t i c  race m ic  m i x t u r e s  
o f  o t h e r s ,  t o  i m i t a t e  t h e  c o m p o s i t i o n  o f  c a s e i n  a s  f a r  as  
i t  was known. D e x t r i n ,  s u c r o s e ,  s a l t  m i x t u r e , a g a r ,  l a r d ,
Cod l i v e r  o i l  and y e a s t  powder were added t o  t h e  amino 
a c i d s  i n  t h e  e a r l y  s t u d i e s .  By s u c c e s s i v e l y  removing  and 
r e p l a c i n g  i n d i v i d u a l  a . i ino  a c i d s  and m o n i t o r i n g  g row th  
th e  e s s e n t i a l  amino a c i d s  i n  t h e  r a t  were i d e n t i f i e d  end 
t h e  b e n e f i t  o f  a d d i n g  a r an g e  o f  n o n - e s s e n t i a l  amino a c i d s  
t o  t n e  t e n  e s s e n t i a l s  f o r  optimum g row th  was d e m o n s t r a t e d .  
D u r in g  t ' l e  e i g h t e e n  y e a r s  o f  work t h e  d i e t s  were m o d i f i e d  
a s  c r y s t a l l i n e  .3 v i t a m i n  p r e p a r a t i o n s  became a v a i l a b l e  and
knovjledg'e o f  the m inera l  reqiiirementB o f  th e  r a t  improved.  
O e l l u f l o u r  was added to  the  d i e t s  to  provide  b u lk .  The 
r e s u l t s  o f  the  work on the  amino ac id  requirements  o f  the  
r a t  were summarized i n  a re p o r t  by Rose e t  a l , i n  1943 
(Rose e t  a l ,  1 9 4 3 ) .
The f i r s t  human e x p e r i m e n t s  were p e r fo rm e d  by Rose 
i n  1942  i n  h e a l t h y  male s t u d e n t s .  Only a r t i c l e s  o f  fo o d  
v i r t u a l l y  d e v o i d  o f  n i t r o g e n  o f  an unknown n a t u r e  were  u s e d ,  
i n  a d d i t i o n  t o  t h e  amino a c i d s  f o r m u l a t i o n s .  These  were 
c o r n  s t a r c h ,  s u c r o s e ,  b u t t e r f a t  (w'nich had been  m e l t e d  and 
c e n t r i f u g e d  t o  remove p r o t e i n )  t o g e t h e r  w i t h  i n o r g a n i c  s a l t s ,  
c o r n - o i l  and v i t a m i n s .  A l l  e x c e u t  some o f  t h e  s u c r o s e  
and b u t t e r f a t  was b ak ed  i n t o  w a f e r s  and c e l l u f l o u r  was 
u s e d  t o  p r o v i d e  b u l k .  The r e m a in in g  s u c r o s e  and b u t t e r f a t  
were u s e d  a s  a  f l a v o u r i n g  f o r  t h e  amino a c i d  m i x t u r e s  
t o g e t h e r  w i t h  some lemon j u i c e .  Such a d i e t  p r o v i d e d  
0 . 5  -  o f  n i t r o g e n  p e r  day o f  an unknown n a t u r e .  I t
was d i s c o v e r e d  t h a t  more c a l o r i e s  were  r e q u i r e d  f o r  a 
p o - i t i v e  n i t r o g e n  b a l a n c e  w i t h  amino a c i d s  r a t h e r  t h a n  
p r o t e i n  a t  t h e  same n i t r o g e n  i n t a k e ,  and 55 Cals/({-  were  
t h e r e f o r e  u s e d  i n  t h e  e x p e r i m e n t s .  - i s t i d i n e  was found  n o t  
t o  be e s s e n t i a l  i n  a d u l t  man, i n  c o n t r a s t  t o  t h e  r a t ,  and 
a r g i n i n e  was a l s o  n o t  e s s e n t i a l .  The d a i l y  r e q u i r e m e n t  
f o r  eaom amino a c i d  was d e r i v e d  t o  t h e  n e a r e s t  O . l g  by 
r e d u c i n g  trie i n t a k e  u n t i l  a  n e g a t i v e  n i t r o g e n  b a l a n c e  was 
o b t a i n e d ,  and t h e n  i n c r e a s i n g  i t  a g a i n  t o  g i v e  a  p o s i t i v e  
b a l a n c e ,  D a i l y  v a r i a t i o n s  i n  n i t r o g e n  b a l a n c e  and 
d i f f e r e n c e s  b e tw ee n  i n d i v i d u a l s  p r e v e n t e d  t h e  r e q u i r e m e n t s  
from b e i n g  a s s e s s e d  any more a c c u r a t e l y  (Rose ,  l ' 9 4 l ) .
V a l i n e  was t h e  îLnal e s s e n t i a l  a c i n o  a c i d  t o  be qua -vb i ta ted  
and t h e  ' s a f e '  i n t a k e  f o r  e a c h  amino a c i d  was t h e n  
d e r i v e d  a s  t w i c e  t' '.e to p  v a l u e  fo und  as  minimal, ,  i n  t h r e e  
t o  s i x  s u b j e c t s ,  f o r  each  amino a c i d .  h i s t i d i n e  and a r g i n i n e  
removal  from t h e  d i e t  d i d  n o t  c a u s e  i n f e r t i l i t y  (Rose e t  a l ,  
1955)*  The n e x t  r e p o r t  in  t h e  s e r i e s  d e a l t  w i t h  t h e  r o l e  
o f  n i t r o g e n  i n t a k e .  S u b j e c t s  were f e d  ' s a f e '  l e v e l s  o f  
t h e  e i g h t  e s s e n t i a l  amino a c i d s  w i t h  e x t r a  n i t r o g e n  as  
g l y c i n e  and u r e a .  The o r i g i n a l  t o t a l  n i t r o g e n  o f  lO g /d a y  
was r e d u c e d  t o  d g / d a y  b e f o r e  a n e g a t i v e  b a l a n c e  was 
e n c o u n t e r e d .  5 . 5 g / d a y  was t h e  minimal n i t r o g e n  in t .ake  t o  
g i v e  a  p o s i t i v e  b a l a n c e .  T h i s ,  however,  i n c l u d e d  unknown 
n i t r o g e n  and  p o s s i b l y  u n a v a i l a b l e  n i t r o g e n  from b - i s o m e r s  
t o  a b o u t  0 . 3 5 g / d a y  (Hose and Wixom, 1955) .  The work on 
t h e  amino a c i d  r e q u i r e m e n t s  o f  a d u l t  man wes l a t e r  r ev ie w e d  
by Hose (H ose ,  1 9 5 7 ) .
O th e r  v /o rkers  were  i n v e s t i g a t i n g  t h e  s u i t a b i l i t y  o f  
p u r i f i e d  amino a c i d s  as  a  s o u r c e  o f  n i t r o g e n  f o r  t h e  g row ing  
r a t  and o b t a i n e d  g r o ’- t h  e n u i v a l e n t  t o  3 0 -9 0 ; :  o f  tha . t  on 
whole  c a s e i n  (Rasmara  e t  a l ,  1949)* R e p r o d u c t io n  o f  r a t s  
f e d  p r o t e i n  f r e e  r a t i o n s  was d e m o n s t r a t e d  by S h u l t z e  w i t h  
s u c c e s s f u l  p r o d u c t i o n  o f  t h e  ?4 g e n e r a t i o n .  The d i e t s  
c o n t a i n i n g  l6  a n i n o  a c i d s  were b e t t e r  th a n  t h o s e  c o n t a i n i n g  
t h e  t e n  e s s e n t i a l ' s  o n l y ,  b u t  none o f  t h e  d i e t s  u sed  wa,s 
c o m p l e t e l y  a d e q u a t e  f o r  optimum n r e - w e a n in v  o r  p o s t - w e a n i n g  
w e ig h t  g a i n ,  o r  i n  p r e v e n t i n g  t h e  development o f  f a t t y  
l i v e r  d u r i n g  l a c t a t i o n  ( S h u l t z e ,  1956) .  Both  t h e s e  r e p o r t s  
i n d i c a t e d  t ' : a t  optimum p r o p o r t i o n s  o f  amino a c i d s ,  and
p o s s i b l y  v i t a m i n  and m i n e r a l  b a l a n c e s ,  iia.d n o t  b e e n  
a c h i e v e d  i n  t h e  d i e t s .  The u se  o f  D-L racoma.tes f o r  
some o f  t h e  amino a c i d s  a l s o  p r e s e n t e d  p ro b lem s ,
D u r in g  t h e  1 9 5 0 ' s  G r e e n s t e i n  and h i s  g roup  d e v e lo p e d  
r e s o l u t i o n  p r o c e d u r e s  which  p e r m i t t e d  t h e  l a r g e  s c a l e  
p r e p a r a t i o n  o f  o p t i c a l l y  p u r e  amino a c i d s  d e s ig n e d  t o  
p r o v i d e  t h e  b a s i s  f o r  c o m p l e t e l y  s y n t h e t i c  d i e t s  f o r  use  
i n  q u a n t i t a t i v e  m e t a b o l i c  s t u d i e s  and a p p r o p r i a t e  f o r
p a r e n t e r a l  a d m i n i s t r a t i o n .  The enzym at ic  r e s o l u t i o n  
p r o c e d u r e  was b a s e d  on t h e  c h e m ic a l  f o r m a t i o n  o f  an  
h - a c e t y l a t e d  r a c e m ic  m i x t u r e  o f  t h e  amino a c i d  f o l l o w e d  by 
s p e c i f i c  e n z y m a t i c  h y d r o l y s i s  t o  t h e  L-amino a c i d  (V/in i tz  
e t  a l ,  i 9 6 0 ) ,
À w a t e r  s o l u b l e ,  c h e m i c a l l y  d e f i n e d  d i e t  was f o r m u l a t e d  
so t h a t  q u a n t i t a t i v e  m e t a b o l i c  s t u d i e s  c o u l d  be  u n d e r t a k e n  
f o r  t h e  f i r s t  t im e  ( G r e e n s t e i n  e t  a l ,  1957) .  The l i a u i d  
d i e t  a t  5G;-s c o n c e n t r a u i o n ,  c o n t a i n i n g  s y n t h e t i c  L-amino 
a c i d s ,  g l u c o s e ,  v i t a m i n s  and t h e  r e a u i r e l  m i n e r a l s ,  a l lo w ed  
i n t a x e  t o  be  a c c u r a t e l y  measured .  f a t  s o l u b l e  v i t a m i n s  
i n  Corn o i l  were i n i t i a l l y  s u p p l i e d  a s  a  s u pp lem en t  b u t  
l a t e r  were  i n c o r p o r a t e d  i n t o  t h e  d i e t  w i t h  t h e  - i d  o f  Tween 
30,  and e t h y l  l i n o l e a t e  was added  as a  s o u r c e  o f  e s s e n t i a l  
f a t t y  a c i d .  The e s s e n t i a l  amino a c i d s  were n r e s e n t  i n  
n e a r l y  t h e  same r e l a t i v e  p r o p o r t i o n s  as  recommended by 
Rose ( d o s e ,  1949) und s u n p l i e i  9 . 5g o f  e s s e n t i a l  n i t r o a ^ n  
t o  1 5 . 7g o f  n o n - e s s e n t i a l  n i t r o g e n .  The c o m p o s i t i o n  o f  th e  
n o n - e s s e n t i a l  n i t r o g e n  c o u l d  be v a r i e d .
In  t ' l e  f i r s t  r e p o r t  o f  t h e  s e r i e s ,  t h e  e f f e c t  o f  
d i f f e r e n t  s o u r c e s  o f  n o n - e s s e n t i a l  n i t r o g e n  on r a t  growbh
and r e p r o d u c t i o n  was i n v e s t i g a t e d .  B e t t e r  g row th  was 
o b t a i n e d  w i t h  t h e  n o n - e s s e n t i a l  amino a c i d s  m o d e l l e d  on 
c a s e i n  r a t h e r  t h a n  muscle  o r  ova lbum in .  With j u s t  a  few 
n o n - e s s e n t i a l  amino a c i d s ,  o r  w i t h  D-L amino a c i d s  s u p p ly in g  
t h e  n o n - e s s e n t i a l  n i t r o g e n ,  t h e  g row th  was a l s o  l e s s  t h a n  
w i t h  n o n - e s s e n t i a l  n i t r o g e n  m ode l led  on c a s e i n .  The 
e f f e c t s  o f  t h e  d i f f e r e n t  n o n - e s s e n t i a l  n i t r o g e n  s o u r c e s  
on r e p r o d u c t i o n  were a l s o  exam ined ,  and s m a l l e r  l i t t e r s  
w ere  found  w i t h  t h e  d i e t s  p o o r  i n  n o n - e s s e n t i a l  n i t r o g e n  
and  no l i t t e r s  were p ro d u c e d  when t h e  F I  were mated .
The F I  g e n e r a t i o n  from r a t s  fed  c a s e i n - m o d e l l e d  d i e t s  
s u c c e s s f u l l y  p roduced  l i t t e r s  ( G r e e n s t e i n  e t  a l ,  1957) .
F i t r o g e n  b a l a n c e  s t u d i e s  on s i m i l a r  d i e t s  w i t h  a 
good s o u r c e  o f  n o n - e s s e n t i a l  L-amino a c i d s  ( D i e t  2 6 ) ,  a 
few n o n - e s s e n t i a l  L-amino a c i d s  ( D i e t  3 ) ,  and t h e  same 
amino a c i d s  as  i n  D i e t  26 b u t  t h e  D-L race m ic  m i x t u r e s ,  
i n d i c a t e d  m in im a l  u r i n a r y i < - a m i n o  n i t r o g e n  e x c r e t i o n  from 
L-amino a c i d  d i e t s  b u t  c o n s i d e r a b l e  amounts wnen t h e  
D -Lisom ers  were  f e d .  The ammonia n i t r o g e n  e x c r e t i o n  a l s o  
depended  on t h e  amino a c i d  complement o f  t h e  d i e t s ,  and 
was m in im a l  on t h e  f i r s t  d i e t  ( D i e t  2 6 ) .  F a e c a l  n i t r o g e n  
e x c r e t i o n  was s m a l l  and c o n s t a n t  i n d i c a t i n g  an e s s e n t i a l l y  
q u a n t i t a t i v e  a b s o r p t i o n . ( B i r n b a u m  e t  a l ,  1957 a ) .
F u r t h e r  e x p e r i m e n t s  on th e  n o n - e s s e n t i a l  n i t r o g e n  
component  o f  t h e  d i e t  were c o n d u c te d  by a i d i n g  v a r i o u s  
amino a c i d s  and n i t r o g e n o u s  compounds t o  a b a s a l  d i e t  
c o n t a i n i n g  9 . 5 g  o f  e s s e n t i a l  amino a c i d  n i t r o g e n ,  a t  t h e  
e x p e n s e  o f  g l u c o s e ,  t o  a l e v e l  o f  25g n i t r o g e n / K v o f  d i e t .  
L - a l a n i n e ,  ammonium L - g l u t a : i a t e , L - g l u t a m i n e , ammonium
a s p a r t a t e  and  L - p r o l i n e  a s  t h e  s o l e  component  were  a l l  
found  t o  be good s o u r c e s  o f  n o n - e s s e n t i a l  n i t r o g e n  f o r  
p r o m o t in g  g ro w th .  D - a l a n i n e  and D - a r g i n i n e  b o t h  p rod u ced  
some a c c e l e r a t i o n  o f  g ro w th ,  and ammonium a c e t a t e  was 
b e t t e r  t h a n  u r e a  o r  g l y c i n e  (Birnbaum e t  e l ,  1957 b ) .
The e f f e c t  o f  t h e  na . tu re  o f  t h e  c a r b o h y d r a t e  s o u r c e  
on r a t - g r o w t h  was i n v e s t i g a t e d  and a  s u c r o s e  b a s e d  d i e t  
was found  t o  g i v e  m a r g i n a l l y  t h e  b e s t  g rowth  r e s p o n s e  
v / i th  B ~ g lu c o s e ,  i n v e r t  s u g a r  and B - f r u c t o s e  g i v i n g  a 
d e c r e a s i n g  o r d e r  o f  g row th  r e s p o n s e  and i n t a k e .  B -g lucosan t ine  
b a s e d  d i e t s  c a u s e d  a marked r e d u c t i o n  o f  d i e t a r y  i n t a k e  
and  w e ig h t  g a i n  ( v / i n i t s  e t  a l ,  1957 a ) , The r o l e  o f  
a r g i n i n e  on g ro w th  was a l s o  i n v e s t i g a t e d  by f e e d i n g  d i e t s  
o f  v e r y i n g  n o n - e s s e n t i a l  n i t r o g e n  c o m p o s i t i o n  w i t h  and 
wri thout  L- o r  B - a r g i n i n e  added .  W i thou t  a r g i n i n e  t h e  
t h r e e  d i e t s  were p o o r  b u t  e q u a l l y  e f f i c a c i o u s ,  b u t  t h e  
a d d i t i o n  o f  B- o r  b - a r g i n i n e  enhanced  g row th  w i t h  t h e  d i e t  
c o n t a i n i n g  a l l  t h e  n o n - e s s e n t i a l  amino a c i d s  t o  a g r e a t e r  
e x t e n t  th a n  w i t h  t h e  o t h e r  d i e t s  (V /in i tz  e t  a l ,  1157  b ) .
The f i n a l  r e p o r t  i n  t h e  s e r i e s  d e s c r i b e d  t i e  
f o r m u l a t i o n  o f  t h e  c o m p l e t e ,  n u t r i t i o n a l l y  a d e q u a t e ,  
c h e m i c a l l y  d e f i n e d ,  l i q u i d  d i e t  composed o f  e i g h t e e n  
c r y s t a l l i n e  L - a u i n o  a c i d s ,  w a t e r  s o l u b l e  v i t a a i n s ,  p e r t i n e n t  
s a l t s ,  g l u c o s e ,  f a t  s o l u b l e  v i t a m i n s  and e t h y l  l i n o l e a t e .
The use  o f  Tween 39 gave a s t a b l e  e n u l s i o n  from w h ich  no 
s e p a r a t i o n  o f  t h e  f a t  comnonents o c c u r r e d .  W ean l ing  
r a t s  f e d  t h i s  f o r m u l a t i o n  a d - l i b i t u m  f o r  a  p e r i o d  o f  t h r e e  
months shov/ed no s i g n s  o f  f a t t y  a c i d  d e f i c i e n c y  and grew 
a t  t'-’e same r a t e  as  c o n t r o l s  t h a t  ' . 'ere p r o v i d e d  w i t h  t h e  
f a t  s o l u b l e  v i t a m i n s  i n  c o rn  o i l  as  a  supp lem en t  ( G r e e n s t e i n
e t  a l ,  l ) 6 o ) e  Thus A b l e r h a l d e n s  s t a t e m e n t  in  1112 t h a t  a  
s y n t h e t i c  d i e t  c o u l d  be p roduced  was e v e n t u a l l y  a c h i e v e d  
w i t h  a c h e m i c a l l y  d e f i n e i  d i e t  i n  l ' l 6 0 .
F o r m u l a t i o n  p rob lem s  w i t h  I n t e r  amino a c i d  b a s e d  
d i e t s  were  e n c o u n t e r e d  by some w o r k e r s . Levenson  e t  a l  
( 1 9 7 1 ) found  t h a t  r a t s  d e v e lo p e d  h a e ü o l y t i c  anaem ia  and 
p a n c r e a t i c  a c i n a r  a t r o p h y  vhnen f e d  t h e i r  l i q u i d  e l e m e n t a l  
d u e t  f o r m u l a ,  and s u g g e s t e d  t h a t  c y s t e i n e  e t h y l  e s t e r  
h y d r o c h l o r i d e  and menadione  were i n t e r a c t i n g  i n  t h e i r  
p a r t i c u l a r  f o r m u l a t i o n ,  B a s ic  a n im a l  s t u d i e s  a t  Johnson  
and J o h n s o n  d u r i n g  t h e  deve lonm en t  of  t h e i r  amino a c i d  
b a s e d  d i e t ,  J e j i m a l ,  r e v e a l e d  a d e f i c i t  o f  c h o l i n e  i n  t h e  
f o r m u l a t i o n ,  w hich  p ro d u c e d  f a t t y  l i v e r s ,  b u t  was e a s i l y  
c o r r e c t e d .  (Campbell  e t  a l ,  1973) ,
Human S t u d i e s  w i t h  Amino Ac i d  Based D i e t s
Having Completed t h e i r  a n im a l  s t u d i e s  and d e v e lo p e d  
a c o m p le te  e l e m e n t a l  d i e t ,  t h e  G r e e n s t e i n  group  e x t e n d e d  
t h e i r  s t u d i e s  t o  humans.  C l i n i c a l  t r i a l s  o f  t h e i r  d i e t  
i n  p a t i e n t s  w i t h  s lo w ly  p r o g r e s s i n g  neoplasms i n d i c a t e d  
t h a t  t h e  d i e t  m a in t a i n e d  body w e ig h t  and normal o rgan  
f u n c t i o n  w i t h  t h e  e s t a b l i s h m e n t  o f  a  p o s i t i v e  n i t r o g e n  
b a l a n c e  i n  a d u l t  man (Cough e t  a l ,  I 9 6 0 ) .  T h e i r  s t u d i e s  
were  t h e n  e x t e n d e d  t o  l o n g  te rm  f e e d i n g  i n  normal  
h e a l t ; ' y  v o l u n t e e r s  and t h e  c a r b o h y i r a t e  n a t u r e  o f  t h e  
d i e t  was shown t o  i n f l u e n c e  serum c h o l e s t e r o l  l e v e l s  ( W in i t s  
e t  a l ,  1 9 6 4 ) .  F u r t h e r  im pe tus  t o  t h e  s t u d i e s  came from 
t h e  a e r o - s p a c e  programme and t h e  e v a l u a t i o n  o f  che m ic a l  
d i e t s  c o n t i n u e d  as n u t r i t i o n  f o r  man i n  snace  (W in i t z  e t  
a l ,  1 ? 6 5 ) j
The s t u d i e s  on human v o l u n t e e r s  were r e n o r t e d  f u l l y  
i n  1970  a f t e r  e x t e n d e d  f e e d i n g  o f  24 s u b j e c t s  f o r  22 
weeks (W in i t z  e t  a l ,  1970 a ) .  The o r i g i n a l  f o r m u l a t i o n  
i n c l u d e d  c y s t e i n e  e t h y l  ester~HOL and menadione b u t  t h e s e  
were  l a t e r  r e p l a c e d  by m e th io n i n e  and s a f f l o w e r  o i l .
O t h e r  v a r i a t i o n s  i n  t h e  d i e t s  i n c l u d e d  r e p l a c e m e n t  o f  2 5 y 
o f  t h e  g l u c o s e  by s u c r o s e ,  and t y r o s i n e  by p h e n y l a l a n i n e .
A l l  s u b j e c t s  r e m a in e d  i n  a  s a t i s f a c t o r y  p h y s i c a l  s t a t e  and 
no a b n o r m a l i t i e s  were found i n  b lo o d  c h e m i s t r y ,  haem ato logy  
o r  u r i n e  a n a l y s i s ,  A marked r e d u c t i o n  i n  f a e c a l  b u lk  and 
f r e q u e n c y  o f  d e f a e c a t i o n  was n o t e d ,  D i e t s  c o n t a i n i n g  
g l u c o s e  as  t h e  s o l e  c a r b o h y d r a t e  s o u rc e  re d u c e d  serum 
c h o l e s t e r o l  w i t h i n  f o u r  weeks and  a d d in g  25:4 s u c r o s e  
r e v e r s e d  t h i s  c h a n g e ,  a g a i n  a f t e r  t h r e e  weeks.  The r a t i o  
o f  f r e e  t o  e s t e r i f i e d  c h o l e s t e r o l  rem a ined  e s s e n t i a l l y  
c o n s t a n t .
A second  r e t o r t  o f  t h e  s t u d i e s  examined t h e  e f f e c t s  
o f  t h e  d i e t s  on g u t  m i c r o f l o r a  p o p u l a t i o n s  ( W in i t z  e t  a l ,
1970  h ) .  The g l u c o s e  b a s e d  d i e t  l e d  t o  a  marked r e d u c t i o n  
o f  t n e  f a e c a l  m i c r o b i a l  p o p u l a t i o n  b u t  t ’ne s u c r o s e  b a s e d  
d i e t  r e s u l t e d  i n  a d i f f e r e n t  a l t e r a t i o n ,  w i t h  c e r t a i n  
b a c t e r i a l  t y p e s ,  i n c l u d i n g  b a c t e r i o d e s ,  showing a  g r e a t e r  
p r o p e n s i t y  t o  s u r v i v e  t h a n  o t h e r s . These f i n d i n g s  were  
l a t e r  d i s p u t e d  and t h e  t e c . in iques  c r i t i c i s e d  by o t h e r  
w o r k e r s ,  v/ho c o u l d  n o t  d e m o n s t r a t e  t h e  same r e d u c t i o n  o f  
t h e  f a e c a l  m i c r o f l o r a ,  b u t  t h e  c a r b o h y d r a t e  was n o t  p u re  
g l u c o s e  i n  t h e  c o a m e r c i a l  e l e  a e n t a l  d i e t s  used  (C ro w tn e r  e t  a l ,  
1975; Bounous and Devroede ,  1974) .
Schwarz B i o - R e s e a r c h  p ro d u ced  and m arke ted  an amino 
a c i d  b a s e d  e l e m e n t a l  d i e t  known as  C o d e l i d ,  and t h i s  d i e t  
was u s e d  by Thompson,  S t e p h e n s  and R a n d a l l  f o r  t h e  management 
o f  a p a t i e n t  w i t h  ex t rem e  s h o r t  bowel syndrome (Thompson e t  a l ,
1 9 6 9 ) .  These  w o rk e r s  went  on t o  d e m o n s t r a t e  t h e  u s e f u l n e s s  
o f  t h e  d i e t  i n  t h e  management o f  v a r i o u s  c a t a b o l i c  s t a t e s  
i n c l u d i n g  s h o r t  bowel syndrome,  p a n c r e a t i c  i n s u f f i c i e n c y  and 
u l c e r a t i v e  c o l i t i s ,  w i t h  t h e  a t t a i n m e n t  o f  a  p o s i t i v e  
n i t r o g e n  b a l a n c e  (S t e p h e n s  and R a n d a l l ,  1969) .  The m o r t a l i t y  
r a t e  i n  p a t i e n t s  w i t h  g a s t r o - i n t e s t i n a l  f i s t u l a ^  was 
r e d u c e d  from t h e  4 0 - 7 0 f4 g e n e r a l l y  o bse rved  t o  1 5 . 4 4 - i n  15 
p a t i e n t s  t r e a t e d  w i t h  t h e  e l e m e n t a l  d i e t  by t h e  same group 
(B ury  e t  a l ,  1971)*
J e j u n a l ,  a n o t h e r  amino a c i d  b a s e d  d i e t  w hich  was 
m a rk e te d  i n  t h e  S t a t e s ,  was found  t o  be u s e f u l  i n  p a t i e n t s  
u n d e r g o i n g  p r e p a r a t i o n  f o r  abdom ina l  s u r g e r y  and p a t i e n t s  
w i t h  f e e d i n g  p ro b le m s ,  Minimal  v a r i a t i o n  i n  b lo o d  
c o a g u l a t i o n  and c h e m i s t r y  i n d i c a t e d  t h a t  t h e  d i e t  was s a f e  
a s  u s e d  i n  t h e  p a t i e n t s  s t u d i e d  ( M i l l e r  and Taboada,  1 9 7 5 ) .  
D i e t s  Based  on P r o t e i n  ~vdrolys<ates
I n  1967  Eounous and c o - w o r k e r s  d e m o n s t r a t e d  t h a t  a d i e t  
f o r m u l a t e d  from a c o m m e rc i a l l y  a v a i l a b l e  c a s e i n  h y d r o l y s a t e ,  
p l u s  s u c r o s e  and  f a t  e m u ls io n ,  p r e v e n t e d  t h e  d e n u d a t i o n  o f  
i n t e s t i n a l  v i l l i  p ro d u ced  by hypovolemic shock  i n  dogs ,  
when f e d  f o r  t h e  p r o c e e d i n g  t h r e e  days (Bounous e t  a l ,  1^67  a)  
I n  a f u r t h e r  r e p o r t  t h e y  c o i n e d  t h e  te rm  ' e l e m e n t a l '  f o r  
t h e i r  d i e t  f o r m u l a t i o n  and showed an i n c r e a s e d  r a t e  o f  
i n c o r p o r a t i o n  o f  l a b e l l e d  a d e n i n e  i n t o  ATP o f  t h e  i n t e s t i n a l  
mucosa a f t e r  a 5 day p e r i o d  o f  f e e d i n g  t h e  d i e t  i n  dogs
(Bounous e t  a l ,  1967 b ) .  The e l e m e n t a l  d i e t  was a l s o  
s ■’.own t o  be b e n e f i c i a l  i n  t h e  management o f  t h e  i n t e s t i n a l  
l e s i o n  n ro d u c e d  by 5 ~ f l u o r o u r a o i l  i n  t h e  r a t  (.Bounous e t  a l ,  
1971  u ) and man (Bounous e t  a l ,  1971 h ) .
The com m erc ia l  d i e t  F l e x i c s l ,  d e v e lo p ed  by Mead Jo lm son ,
was b a s e d  on t h e  f o r m u l a t i o n  o f  t h e s e  w orke rs  a n d , u n l i k e
t h e  amino a c i d  b a s e d  d i e t s , i t  c o n t a i n s  an a n p r e c i a b l e
amount o f  f a t .  The p r o t e i n  h y d r o l y s a t e  c o n t a i n s  a p p r o x i m a t e l y
70;4 f r e e  amino a c i d s  and 5 0 ;: s m a l l  p e p t i d e s .  The p r o d u c t
i n i t i a l l y  r e l e a s e d  f o r  t e s t i n g  i n  I 969  was d e s i g n a t e d
Head Jo h n so n  52Q0-A3 and t h e  e f f e c t s  o f  t h i s  d i e t  were
compared  w i t h  a  c o n t r o l  n o n - h y d r o l y s e d  l i q u i d  d i e t  (5200-Au)
i n  normal v o l u n t e e r s  ( P e r r a u l t  e t  a l ,  1975 ) .  N e i t h e r  d i e t
had much e f f e c t  on serum b io c h e m i c a l  and h a e m a t o l o g i c a l
f a c t o r s  o v e r  t h e  12 day p e r i o d  and i t  was c o n c l u d e d  t h a t  i t
awas s a f e  f o r  human u s e ,  f o r  t h i s  l e n g t h  o f  t i m e .  T r a n t  
t im e  of  r a d i o - o p a q u e  m a r r e r s  was s i g n i f i c a n t l y  i n c r e a s e d  by 
b o t h  l i q u i d  d i e t s  and serum c h o l e s t e r o l  r e d u c e d .  T r y p s i n  
and b i l e  a c i d  s e c r e t i o n ,  measured  by duodena l  u e r f u s i o n ,  
were  somewhat r e d u c e d  by t ; ie e l e m e n t a l  d i e t .
Bounous and c o - w o r k e r s  t ' e n  r e c o r d e d  t h e i r  e x p e r i e n c e  
w i t h  t h e  use  o f  F l e x i c a l  i n  22 p a t i e n t s .  I t  was found  t o  be 
u s e f u l  i n  t h o s e  w i t h  i n t e s t i n a l  d i s o r d e r s ,  i n c l u d i n g  ? w i t h  
J r o h n ' s  d i s e a s e ,  5 w i t h  f i s t u l a  o f  t h e  a l i m e n t a r y  t r e c t  and 
2 w i t h  s h o r t  bowel syndrome.  The d i e t  was a l s o  u s e d  
s u c c e s s f u l l y  f o r  p r e p a r a t i o n  o f  t h e  bowel f o r  s u r g e r y  and 
i n  t h e  management o f  s e v e r e  a c u t e  tr-^uma (Bounous e t  a l ,  1974) .  
S i m i l a r  u n c o n t r o l l e d  r e t r o s p e c t i v e  s t u d i e s  o f  t h e  u se  o f  
F l e x i c a l  i n  th.e management o f  i n t e s t i n a l  d i s o r d e r s  were
k l
r e p o r t e d  by Y o i t x  and h i s  c o - w o r k e r s  i n  1975» They i n i t i a l l y  
r e r o u t e d  on 15 p a t i e n t s  w i t h  i n f l a m m a to r y  bowel d i s e a s e  
i n c l u d i n g  p a t i e n t s  w i t h  G r o h n ' s  d i s e a s e ,  u l c e r a t i v e  c o l i t i s  
and r a d i a t i o n  e n t e r i t i s ,  some o f  whom had s h o r t  g u t  syndrome 
o r  a  f i s t u l a .  I n  a l l  b u t  one p a t i e n t  a  p o s i t i v e  n i t r o g e n  
b a l a n c e  and w e ig h t  g a i n  was a c h i e v e d  ( V o i t k  e t  a l ,  1975 a ) .  
T r e a t m e n t  o f  29 p a t i e n t s  w i t h  53 f i s t u l a s  r e s u l t e d  i n  
s p o n t a n e o u s  c l o s u r e  o f  75 5; o f  t h e  f i s t u l a s ,  w h i l e  a  p o s i t i v e  
n i t r o g e n  b a l a n c e  was a c h i e v e d ,  i n d i c a t i n g  t h a t  F l e x i c a l  
s u p p l i e d  n u t r i t i o n a l  n eed s  w i t h o u t  a g g r a v a t i n g  t h e  f i s t u l a  
by c o r r o s i v e  f a e c a l  d r a i n a g e  ( V o i t k  e t  a l ,  1975 b ) .
F l e x i c a l  was a l s o  u s e d  d u r i n g  t h e  a d a p t i v e  p h a s e  o f  s h o r t  
g u t  syndrome i n  e i g h t  p a t i e n t s  and s u c c e s s f u l  a d a p t a t i o n  
was a c h i e v e d  i n  f o u r  r a t i e n t s ,  who were  t h e n  a b l e  t o  
t o l e r a t e  no rm al  f ood  ( V o i t k  e t  a l ,  1975 c ) .
Comparison o f  C om m ercially A v a i la b le  E lem ental D ie t s
Only two e l e m e n t a l  d i e t s  have been  m a rk e te d  i n  B r i t a i n ,  
namely  Vivonex  (C a t o n  L a b o r a t o r i e s  L t d . )  and F l e x i c a l  
( M e a d - J o h n s o n ) , I n  a d d i t i o n ,  A m in u t r in  and C a l o n u t r i n  
( G e i s t l i c h )  have  been  m a rk e te d  t o g e t h e r  as  an  e l e m e n t a l  
d i e t ,  b u t  do n o t  p r o v i d e  a s a t i s f a c t o r y  b a l a n c e d  p r e p a r a t i o n  
a s  t h e y  c o n t a i n  no f a t  and c a n n o t  be c o n s i d e r e d  a s  a 
n u t r i t i o n a l l y  c o m p le t e  d i e t .  Vivonex  was t h e  f i r s t  t o  
become a v a i l a b l e  i n  March 1974,  and so  s t u d i e s  on e l e m e n t a l  
d i e t s  c o n c e n t r a t e d  on V ivonex ,  b e f o r e  F l e x i c a l  a p n e a r e d  i n  
t h e  m id d le  o f  1975» O th e r  amino a c i d  b a s e d  d i e t s ,  C o d e l i d ,  
J e j u n a l  and I r e o i s i o n  LR,were a l s o  m ark e ted  i n  America ,
While t h e  work r e p o r t e d  i n  c h i s  t h e s i s  was i n  p r o g r e s s ,  a 
c a s e  was r e p o r t e d  com oar ing  t; ie a b s o r c t i o n  o f  d i f f e r e n t
e l e m e n t a l  d i e t s  i n  a p a t i e n t  w i t h  s h o r t  bowel syndrome,  
f o l l o w i n g  e x t e n s i v e  s m a l l  i n t e s t i n a l  r e s e c t i o n  and t o t a l  
c o l e c to m y  f o r  J r o l n ' s  d i s e a s e .  The pat ien ' . :  was f e d  by 
n a s o g a s t r i c  tu b e  and a b s o r p t i o n  was s t u d i e d  by com par ing  
t o e  volume f e d  w i t h  volume o f  j e jm ios to ray  o u t p u t  and 
m e a s u r i n g  f a t ,  n i t r o g e n  and pho sp h o ru s  c o n c e n t r a t i o n s ,  
I ' i t r o g e n  r e t e n t i o n  was g r e a t e s t  w i t h  V ivonex  i l l  and P l e x i c a l ,  
b u t  a l l  t h e  d i e t s  e x c e n t  F l e x i c a l  p roduced  p r o f u s e  d r a i n a g e  
from t h e  j e ju n o s to r a y . T h i s  was a t t r i b u t e d  t o  t h e  h i g h e r  
f a t  c o n t e n t  o f  F l e x i o a l  (oimko and L i n s h e e r ,  1976) ,
The c o m p o s i t i o n  o f  Vivonex and F ' l e x i c a l  i s  shown i n  
T a b l e s  2 . 1  and 2 . 2 .  The main d i f f e r e n c e s  a r e  i n  t h e  f a t  
c o n t e n t  and  t h e  n a t u r e  o f  t h e  n i t r o g e n  s o u r c e .  Vivonex  i s  
v i r t u a l l y  f a t  f r e e  b u t  F l e x i c a l  s u p p l i e s  c a l o r i e s
as  f a t .  Vivonex c o n t a i n s  s y n t h e t i c  amino a c i d s ,  w hereas  
F l e x i c a l  i s  b a s e d  on e n z y m a t i c a l l y  h y d r o l y s e d  c a s e i n  and 
c o n t a i n s  5 0 '4 o f  t h e  amino a c i d s  as  o l i g o p e p t i d e s .
T o t a l o ( - a m i n o  n i t r o g e n  a b s o r p t i o n  by i s o l a t e d  lo o u s  o f  
r a t  i n t e s t i n e  was g r e a t e r  from p a n c r e a t i c  a y d r o l y s a t e s  of  
p r o t e i n  t h a n  t h e  c o r r e s p o n d i n g  m i x t u r e s  o f  f r e e  amino a c i d s  
(Cra.mpton e t  a l ,  1 9 7 1 ) .  L a t e r  s t u d i e s  i n  ma,n d e m o n s t r a t e d  
t h a t  t o t a l  amino a c i d  a b s o r p t i o n  was g r e a t e r  f rom a t r y p t i c  
h y d r o l y s a t e  c o n s i s t i n g  o f  o l i g o p e p t i d e s  and amino a c i d s  
t h a n  t h e  c o r r e s p o n d i n g  f r e e  amino a c i d  m i x t u r e .  The 
a b s o r p t i o n  o f  i n d i v i d u a l  amino a c i d s  was measured  and some 
were found  t o  be b e t t e r  a b s o r b e d  from t h e  f r e e  amino a c i d  
m i x t u r e  and o t h e r s  from t h e  h y d r o l y s a t e  ( S i l k  e t  a l ,  1975 ) .  
Thus i n  normal f a t s  and man p e p t i d e s  p r e s e n t  a  more r a u i d l y
a b s o r b e d  n i t r o g e n  s o u r c e  th a n  f r e e  amino a c i d s ,  b u t  t h i s  
may n o t  n e c e s s a r i l y  be  t r u e  i n  c e r t a i n  d i s e a s e  s t a t e s ,
'The c l i n i c a l  f i n d i n g s  w i t h  F l e x i c a l  i n  p a t i e n t s  w i t h  
i n f l a m m a t o r y  bowel d i s e a s e ,  s h o r t  g u t  syndrome and f i s t u l a s  
o f  t h e  a l i m e n t a r y  t r a c t  ( V o i tk  e t  a l ,  1975 a , b , c ;  Bounous 
e t  a l ,  1 9 7 4 ) a r e  c o m p arab le  t o  t h o s e  r e p o r t e d  w i t h  amino 
a c i d  b a s e d  d i e t s  (Thompson e t  a l ,  1969; S te p h e n s  and 
R a n d a l l ,  1969;  Bury e t  a l ,  1971) and so i t  a p p e a r s  t h a t  
c o m p le te  h y d r o l y s i s  o f  p r o t e i n  t o  f r e e  amino a c i d s  c o n f e r s  
no r e a l  a d v a n t a g e  f o r  t h e  c l i n i c a l  a p p l i c a t i o n s  o f  
e l e m e n t a l  d i e t s .
PnoVe.\n
Carbohy  dr?, t e F a t
P u r e  L-amino a c i d s G lu co s e  s o l i d s P u r i f i e d  s a f f l o w e r
o i l
53 ,04g /da.y 4 1 4 g /d a y 2 , 6 l g / d a y
g / d a y g /d a y
I s o l e u c i n e 1 .65 M o n o sa cch a r id es ■ 4 . 1 4 T r i g l y c e r i d e  of
Leuc ine 2 , 6 1 L i s a c c h a r i d e s 2 4 ,3 4 L i n o l e i c  a c i d
juysine 1 . 9 6 T r i s  c c h a r i d e s 5 5 . 1 2 2.09  g
M e th i o n in e 1,6.9 Te t r a s a c c h a r i d e s 23 ,93
P h e n y l a l a n i n e 1 , 8 7 P e n t r a s a c c h a r i d e s 5 2 2 . 9 2
T h r e o n i n e 1 . 6 5
T r y p t o p h a n 0 , 5 1
V a l i n e 1 ,8 1
A l a n i n e 1 . 7 5 '
A r g i n i n e 5 . 2 2
A s p a r t i c  a c i d 5 . 7 5 -
G lu ta m ine 6 . 1 9
G ly c i n e 2 ,86
H i s t i d i n e 0 .7 9
P r o l i n e 2 . 3 5
o e r i n e 1 . 2 1
T y r o s i n e 2 , 0 5
tab : 2 :1  G0MP03ITI0M OF Tiîïï EIM'ISFrAL DIRT VIYONFX.
The r e c o  amended d a i l y  in ta .ke  o f  6 x 30g p a c k e t s  s u p p l i e s  
1300 c a l o r i e s .  N i t r o g e n ,  c a r b o h y d r a t e  and f a t  a r e  s u p o l i e d  
a s  shown i n  t h e  t a b l e ,  t o g e t h e r  w i t h  v i t a m i n s  and m i n e r a l s .
P u o W n  .
C a r b o h y d r a t e F a t
E n z y m a t i c a l l y  h y d r o l y s e d Corn sy rup  s o l i d s , Soy o i l ,
c a s e i n  ( p l u s  added S u c r o s e ,  t a p i o c a f r a c t i o n a t e d  coco n u t
amino a c i d s * ) s t a r c h ,  c i t r i c o i l
a c i d .
4 5 . 0 g / d a y 503g/day 6 3 , Og/day
fhïâdV F a t t y  a c i d s ü Z i d ï
I s o l e u c i n e 2 .35 S u c ro s e  201 ,3 O c tano ic 10 .9
L eu c in e 4 . 8 2 D e x t r i n  96 .8 Decanoic 5.9
L y s in e 4 .0 5 C i t r a t e  9 . 4 p a l m i t i c 6 . 2
t i ' e t h i o n i n e 2 .1 2 S t e a r i c 2 .1
r  he n y l a l a n  i n e 2 ,24 O le i c 21 i 7
T hre on ine 2 .19 L i n o l e i c 13 .0
A.’r y p t o h a n 0 . 7 1 L i n o l e n i c 4 , 3
V a l i n e 5 .5 4
A l a n i n e 1 ,6 9
A r g i n i n e 1 .8 7
A s p a r t i c  a c i d 5.79
G lu ta m ic  a c i d 10 .97
G l y c i n e 1 .12
n i s t i d i n e 1 .4 1
r r o l i n e 5 . 1 1
S e r i n e 2 .9 3
^ T yros ine 1 . 1 3
TABLE 2 :2  JO. 3 OSITIOh OF ThE ILE:LG:ï AL DIV? fle xic al
The r e c  oTimen led d a i l y  i n t a k e  o f  A54g s u p n l i e s  2000 c a l o r i e s
N i t r o g e n ,  c a r b o h y d r a t e  ? nd f a t  a r e  s u n o l i e d as  shown i n  t h e
t a b l e  t o g e t h e r w i t h  v i t a s in s  and m i n e r a l s .
CHAPTER 5
3ILE ACID METABOLISM
s t r u c t u r e  and T e rm in o lo g y
The common mamaalian  b i l e  a c i d s  a r e  h y d r o x y l - s u b s t i t u t e d  
d e r i v a t i v e s  o f  5 B -c h o l a n o io  a c i d  ( c h o l a n i c  a c i d ) ,  t h e  
s t r u c t u r e  o f  w h ic h  i s  shown i n  F i g u r e  5 . 1 ,  The s u b s t i t u t i o n  
o f  t h e  i n d i v i d u a l  b i l e  a c i d s  i m p o r t a n t  i n  man and t h e  r a t ,  
t o g e t h e r  w i t h  t h e i r  t r i v i a l  names and a b b r e v i a t i o n s  u s e d ,  
a r e  shown i n  T a b l e  5 . 1 .  The two p r im a ry  b i l e  a c i d s  
s y n t h e s i s e d  from c . a o l e s t e r o l  i n  t h e  l i v e r  a r e  c h o l i c  and 
c h e n o d e o x y c h o l i c  a c i d .  Deoxs'-oholic and l i t h o c h o l i c  a c i d  
a r e  s e c o n d a r y  b i l e  a c i d s  w h ich  r e s u l t  from 70( d e h y d r o x y l a t i o n  
by a n a e r o b i c  i n t e s t i n a l  b a c t e r i a  (Mosbach,  1972) .
Under no rm al  p h y s i o l o g i c a l  c o n d i t i o n s  f r e e  b i l e  a c i d s  
do n o t  o c c u r  i n  b i l e ,  and t h e  b i l e  a c i d s  e r e  s e c r e t e d  as  
t n e  t a u r i n e  g l y c i n e  c o n j u g a t e s  w i t h  a p e p t i d e  l i n k  t o
t h e  c a r b o x y l  g roup  o f  t h e  s i d e  c h a i n  ( S c h e r s t e n ,  1967 ) .  
S y n t h e s i s
C h o l i c  and c h e n o d e o x y c h o l i c  a c i d s  a r e  s y n t h e s i s e d  i n  t h e  
mammalian l i v e r  from c h o l e s t e r o l .  The t r a n s f o r m a t i o n  
i n v o l v e s  t  ne f o l l o w i n g  c manges t o  t h e  s t e r o l  ^nolecule : -
a .  S t e r e o s p e c i f i c  r e d u c t i o n  o f  t h e  doub le  bond be tw een  
05 and Co t o  y i e l d  t h e  5 p - c h o l e s t a n e  c o n f i g u r a t i o n .
b . E p i m e r i z a t i o n  o f  t h e  5j: h y d ro x y l  g ro u p .
c .  Rénovai  o f  t n e  t e r m i n a l  t h r e e  c a rb o n s  o f  t h e  s i d e  c h a i n  
l e a v i n g  a c a r b o c y l  f u n c t i o n  a t  0 2 4 .
d .  I n t r o d u c t i o n  o f  hyd roxy l  g roups  07 and 012.
I n  t h e  main s y n t h e t i c  pa thway t r a n s f o r m a t i o n s  o f  t h e  
n u c l e u s  p r e c e d e  d e p r e d a t i o n  o f  t h e  s i d e  d i a i n ,  b u t  a l t e r n a t i v e  
pa thw ays  f o r  c u e n o d e o x y c h o l i c  s y n t h e s i s  ha.ve been  p ro p o s e d .
The OoA e s t e r s  o f  b i l e  a c i d s  a r e  c o n j u g a t e d  by a 
l y s o s o m a l  a c y l  t r a n s f e r a s e  (Mosbaoh, 1972) ,
The f i r s t  com m it ted  s t e o  o f  b i l e  a c i d  s y n t h e s i s  i s  
t h e  i n t r o d u c t i o n  o f  a  7'~-k h y d ro x y l  g roup  i n t o  t h e  c h o l e s t e r o l  
m o l e c u le  and i s  c a t a l y s e d  by c h o l e s t e r o l  70<hydroxy laae  
w h ic h  i s  a m ic rosom a l  m i x e d - f u n c t i o n  o x i d a s e  r e q u i r i n g  
cy to ch ro m e  ?450y HAOPd and oxygen.  F r e e ,  T a t h e r  t h a n  
e s t e r i f i e d ,  c h o l e s t e r o l  i s  t h e  s u b s t r a t e  and t h e  enzyme 
i s  r a t e  l i m i t i n g  i n  b i l e  a c i d  b i o s y n t h e s i s  i n  t h a t  t h e r e  
a r e  no r a t e - l i m i t i n g  s t e p s  beyond  t h i s  i n  t h e  pa thw ay .
I n t e r r u p t i o n  o f  t h e  e n t e r o n e p a t i c  c i r c u l a t i o n  o f  b i l e  
a c i d s j b y  c r e a t i n g  a b i l e  f i s t u l a  o r  by c h o l e s t y r a m i n e  t r e a t m e n t ^  
c a u s e s  a marked r i s e  i n  b i l e  a c i d  s y n t h e s i s  and c h o l e s t e r o l  
7 o t h y d r o x y l a s e  a c t i v i t y  i n c r e a s e : i n  p a r a l l e l .  S in c e  
t h e r e  i s  a  d e l a y  o f  24 ho u r s  and t h e  r i s e  i s  p r e v e n t e d  
by a c t i n o n y c i n  D i t  i s  p r o b a b l y  due t o  i n d u c t i o n  o f  some 
component  o f  t h e  enzyme s y s t e u  r a t h e r  t h a n  a c t i v a t i o n  o f  
p r e - e : d . s t i n n  enzyme. The a c t i v i t y  o f  f-iGGoA r e d u c t a s e ,  
w h ic h  i s  t h e  r a t e  l i m i t i n g  enzyme o f  c h o l e s t e r o l  s y n t h e s i s ,  
a l s o  i n c r e a s e s  (Myant and  M i t r o p o u l o u s , 1977)♦
B i l e  a c i d  s y n t h e s i s  i s  a p p a r e n t l y  u n d e r  n e g a t i v e  
f e e d b a c k  c o n t r o l  and v a r i e s  i n v e r s e l y  w i t h  h e n a t i c  b i l e  
a c i d  f l u x  ( o h e f e r  e t  a l ,  1969;  Low-Beer e t  a l ,  1972;
Mosbach,  1 9 7 2 ) .
E n t e r o 'cemat i o  D i r c u l o t i o n  .
B i l e  a c i d s  a r e  c o n s e r v e d  by u n d e r g o in g  e n t e r o h e p a t i c  
c i r c u l a t i o n ;  t h e y  a r e  s e c r e t e d  by t h e  l i v e r  and p a s s  i n t o  
t h e  i n t e s t i n e  where t h e y  a r e  a b s o r b e d  i n  l a r g e  p a r t  by t h e  
i l e u m  and r e t u r n  t o  t a e  l i v e r  by way o f  t h e  p o r t a l  c i r c u l a t i o n .
B i l e  a c i d s  r e t u r n i n g  t o  t h e  l i v e r  i n  t h e  p o r t a l  
c i r c u l a t i o n  a r e  e f f i c i e n t l y  t a k e n  up by a  c a r r i e r  . l ed ie ted  
p r o c e s s ,  a l t n o u g h  t h e  p r o c e s s  i s  l e s s  e f f e c i e n t  f o r  
unco i l , jugated  t h a n  c o n j u g a t e d  b i l e  a c i d s  ( o ' . 'Ta i l le  e t  a l ,  
1 9 6 7 ) .  I n  t h e  l i v e r  any f r e e  b i l e  a c i l s  a r c  r e c o n j u g a t e d  
w i t h  g l y c i n e  o r  t a u r i n e  i n  t h e  same manner a s  newly 
s y n t h e s i s e d  b i l e  a c i d s ,  and t h e n  s e c r e t e d  i n t o  t h e  b i l e  
c a n a l i c u l i  by a  s p e c i f i c  a c t i v e  t r a n s p o r t  p r o c e s s  which has  
a  c a p a c i t y  f a r  e x c e e d i n g  t h e  u s u a l  demands im posed on i t  
(W h e e le r ,  1972) .
B i l e  a c i d s  a s s o c i a t e  w i t h  p h o s p h o l i p i d  and c h o l e s t e r o l  
t o  form mixed m i c e l l e s  and t h e  b i l e  may th e n  be  s t o r e d  i n  
t h e  g a l l b l a d d e r  d u r i n g  f a s t i n g  o r  p a s s  d i r e c t l y  i n t o  t h e  
duodenum d u r i n g  d i g e s t i o n .
I n  t h e  u p p e r  s m a l l  i n t e s t i n e  b i l e  a c i d s  p a r t i c i p a t e  i n  
t h e  d i g e s t i o n  a.nd a b s o r p t i o n  o f  f a t s  i n c l u d i n g  t r i - ' l y  ce r i d e s ,  
c h o l e s t e r o l  end t h e  f a t  s o l u b l e  v i t a m i n s .  The,’- a i d  t h e  
é m u l s i f i c a t i o n  o f  i n g e s t e d  f a t ,  t e u s  e n h an c in g  l i p o l y s i s ,  
and  s o l u b i l i z e  t h e  f a t t y  a c i d s  and p - m o n o g l y c e r id e s  p roduced  
i n  m i c e l l e s  ( h o l t ,  1 9 7 2 ) .  I n  t h i s  way most of  t h e  l i p i d s  
a r e  a b s o r b e d  i n  t h e  j e junum ,  b u t  most  o f  t h e  b i l e  s a l t s  
r e  na in  i n  t h e  i n t e s t i n a l  c o n t e n t  (B ergs t rom  e t  a l ,  1957)*
Under normal c i r c u m s t a n c e s  b i l e  a c i d s  a r e  main ly  
a b s o r b e d  i n  t h e  i l e u m  o f  r a t s  (B a k e r  and S e a r l e ,  I 9 6 O) and 
man ( B o rg s t ro m  e t  a l ,  1?65)  by an a c t i v e  t r a n s p o r t  mechanism 
^ la c u  and 'h e i n e r ,  I 96 I ) ,  3 ih y d ro x y  b i l e  a c i d s  a r e  a b s o rb e d  
l e s s  e f f i c i e n t l y  t n a n  c h o l i c  a c i d , a n d  t a u r i n e  c o n j u g a t e s  
a r e  t r a n s p o r t e d  more r a p i d l y  t e a n  t h e  g l y c i n e  c o n j u g a t e s
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(La.ck and W einer ,  3.966), Smal l  q u a n t i t i e s  o f  b i l e  a c i d s ,  
e s p e c i a l l y  any u n c o n j u g a t e d  b i l e  a c i d s  and t h e  g l y c i n e  
c o n j u g a t e s  o f  d ib y d r o x y  b i l e  ac ids^  a r e  a b s o rb e d  by p a s s i v e  
n o n - i o n i c  d i f f u s i o n  a l o n g  t h e  l e n g t h  o f  t h e  i n t e s t i n e  
( d i e t s c h y ,  196 3 ) ,
B a c t e r i a l  m o d i f i c a t i o n  o f  b i l e  a c i d s  i s  c o n f i n e d  m a in ly  
t o  t h e  c o l o n  and t e r m i n a l  i l e u m  u n d e r  nojrnal  c i r c u m s t a n c e s  
(Gorba.ch e t  a l ,  19 67 ) .  The p r i n c i p l e  m o d i f i c a t i o n s  a3?e 
d e c o n j u g a t i o n  and 7^^d e h y d r o x y l a t i o n ,  w i t h  f u r t h e r  change s  
i n c l u d i n g  o x i d a t i o n  o f  hydrooqyl g roups  t o  k e t o  g ro u p s  and 
e p i m e r . i z a t i o n  o f  h y d ro x y l  g ro u p s  (Dowling ,  1972) .  The 
d e c o n j u g a t i n g  enzyme i s  w i d e l y  d i s t r i b u t e d  among a n a e o r b i c  
i n t e s t i n a l  b a c t e r i a  s u c h  a s  B a c t e r o i d e s ,  V e i l l o n e l l a ,
B i f i d o  b a c t e r i a  and some s t r a i n s  o f G l o s t r i d i a  ( H i l l  and 
D r a s a r ,  I 9 6 3 ) ,
The m o d i f i c a t i o n  o f  b i l e  a c i d s  by b a c t e r i a  was rev ie w e d  
i n  1972  by Lewis and G orbach ,  D eoxycho l ic  a c i d  formed i n  
t h e  t e r m i n a l  i l e u m  and c o l o n  i s  r e a b s o r b e d ,  p r o b a b l y  m o s t ly  
i n  t h e  c o l o n ,  and i t s  g l y c i n e  and t a u r i n e  c o n j u g a t e s  n o rm a l ly  
c o n s t i t u t e  a b o u t  22LÎ o f  t o t a l  b i l e  a c i d s  i n  human b i l e  
( S j o v a l l ,  i 9 6 0 ) .  L i t t l e  o f  t h e  l i t h o c h o l i c  a c i d  formed 
i s  a b s o r b e d ,  s i n c e  i t  i s  i n s o l u b l e  a t  t h e  pH o f  t h e  d i s t a l  
i n t e s t i n e .
I n t e s t i n a l  a b s o r p t i o n  o f  b i l e  a c i d s  t h u s  denends  on t h e  
n a t u r e  o f  t h e  i n d i v i d u a l  b i l e  a c i d s ,  t h e  e x t e n t  o f  
b a c t e r i a l  d e c o n j u g a t i o n  and m o d i f i c a t i o n ,  and i s  a l s o  
i n f l u e n c e d  by  t h e  r a t e  o f  i n t e s t i n a l  t r a n s i t  ( ü e i h o i f  and 
Kern ,  1963)  and t h e  amount and  n a t u r e  o f  u n a b s o rb e d  d i e t a r ;
23
r e s i d u e  v/rûoh may b i n d  b i l e  a c i d s  (Eas twood  a ’wl Boyd,  I 9 6 7 ) .  
Una b s o r b e d  b i l e  a c i d s  a r e  f u r t h e r  m o d i f i e d  by b a c t e r i a  and 
e x c r e t e d  i n  t h e  f a e c e s .
Dynamics o f  t h e  E n t e r o ' ~ e r a t i c  C i r c u l a t i o n
The p o o l  s i z e  o f  b i l e  a c i d s ,  t h a t  i s  t h e  t o t a l  amount
i n  t h e  b o d y ,  i s  n o r m a l ly  c o n s t a n t  and f a e c a l  l o s s  i s
b a l a n c e d  by s y n t h e s i s  o f  new b i l e  a c i d  i n  t h e  l i v e r .  I n
man t n e r e  i s  n o r m a l l y  a  5 -5 g  p o o l  w hich  c i r c u l a t e s  ab o u t
Ô t o  10 t i m e s  p e r  d a y , w i t h  a d a i l y  l o s s  i n  t h e  f a e c e s  o f
200-600.Tig (D ow l ing ,  1 9 7 2 ) .  The p o o l  s i z e  o f  a  g i v e n  b i l e
a c i d  can  b e s t  be d e t e r m i n e d  from, t h e  s l o n e  o f  t h e  s p e c i f i c
a c t i v i t y  decay  c u r v e  measured  o v e r  a  f i v e  day p e r i o d  on
d u o d e n a l  b i l e  s a m p le s ,  f o l l o w i n g  i n j e c t i o n  o f  r a d i o l a b e l l e d
b i l e  a c i d  ( Hofmann and Hoffman,  19.74)* T h i s  method a l s o
l i f e
d e t e r m i n e s  t h e  b i o l o g i c a l  h a l f /  n f  t h e  b i l e  a c i d .
E x p e r im e n t s  i n  t h e  Rhesus monkey w i t h  c o n t r o l l e d  
i n t e r u p t i o n  o f  t h e  e n t e r o h e p a t i c  c i r c u l a t i o n  have shown t h a t  
2 0 4  i n t e r u p t i o n  can  be com pensa ted  f o r  by a t e n f o l d  i n c r e a s e  
i n  h e p a t i c  s y n t h e s i s ,  b u t  t h a t  g r e a t e r  i n t e r u p t i o n  r e s u l t s  
in^ a marked r e d u c t i o n  i n  b i l e  a c i d  s e c r e t i o n  (Dowling  e t  a l ,
1970).
R e s e c t i o n  o f  t h e  t e r m i n a l  i l e u m ,  o r  damage t o  i t  i n  
C r o h n ' s  d i s e a s e ,  r e s u l t s  i n  m a l a b s o r o t i o n  o f  b i l e  a c i d s  
w i t h  a g r e a t l y  i n c r e a s e d  t u r n o v e r  o f  b i l e  a c i d s  (M e i^ o f f  
and  h e r n , I I 6 l ) . T h i s  can  be com pensa ted  f o r  t o  a  c e r t a i n  
e x t e n t  by a l a r g e  i n c r e a s e  i n  h e p a t i c  s y n t h e s i s ,  and 
s t e s , t o r r ' ' o e a  i s  - l i ld i n  p a t i e n t s  w i t ' i  r e s e c t i o n  o f  l o s s  t h a n  
100c.1. With  l a r g e r  r e s e c t i o n , q t h e  l i v e r  canno t  keep  r a c e  
w i t  I t h e  i n c r e a s e d  f a e c a l  l o s s  and s t e a t o r r h o e a  may be
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s e v e re  ( Hof nann , 197 2 ) *
The t o t a l  b i l e  a c i d  p o o l  was found t o  be e n l a r g e d  
i n  in.t i e n t s w i t h  c o e l i a o  d i s e a s e ,  w i t h  an i n c r e a s e  i n  
t a u r o c h o l i c  a c i d  h a l f  l i f e  b u t  a normal s y n t h e t i c  r a t e .
T he re  was a. s t r o n g  c o r r e l a t i o n  be tween  h a l f - l i f e  and n oo l  
s i z e  and i t  was s u g g e s t e d  t h a t  c h o l e c y s t o k i n i n  r e l e a s e  from 
t h e  da  caged u p p e r  s m a l l  i n t e s t i n e  wa.s im p a i r e d  and g a l l b l a d d e r  
c o n t r a c t i o n  d e c r e a s e d .  T h i s  r e s u l t e d  i n  a v e r y  s lu g .g i s h  
e n t e r o - h e p a t i c  c i r c u l a t i o n  o f  b i l e  a c i d s  w i t h  r e d u c e d  
h e p a t i c  s u r v e i l l a n c e  and d e r e p r e s s i o n  o f  b i l e  a c i d  s y n t h e s i s  
(Low-Beer  e t  a l ,  1975)»
The Role o f  B i l e  Acids  i n  L i n i d  Abso r p t i o n
B i l e  a c i d s  and t h e i r  c o n j u g a t e s  a r e  a r o m a t i c  d e t e r g e n t s .
A d e t e r g e n t  i s  a  s o l u b l e  a m p h ip h i l e  i n  which  t h e  p o l a r  group 
i s  s t r o n g  enough t o  overcome t h e  n o n - p o l a r  g roup  and c o n f e r  
s o l u b i l i t y  i n  w a t e r .  Above *a c e r t a i n  c o n c e n t r a t i o n ,  t h e  
c r i t i c a l  m i c e l l a r  c o n c e n t r a t i o n  (OhO), p o l y m o l e c u l a r  
a g g re æ a te s O -  m i c e l l e s  a r e  fo rmed  w i t h  t h e  p o l a r  g roups  
f a c i n g  i n t o  w a t e r  and p r o t e c t i n g  t h e  n o n - n o l a r  g roups  i n s i d e  
t h e . m i c e l l a .  The weakly  b y d r o n h i l i c  h y d ro x y l  g roups  a r e  a l l  
on one s i d e  o f  t h e  common b i l e  a c i d  m o l e c u le s  so tha . t  t ^ e y  
have a n o n - m o l a r  b a c k ,  a m o l a r ' f r o n t '  and a s t r o n g l y  
h y d r o p h i l i c  oarbox;.rl  o r  s u l n h a t e  g roup .  P u re  b i l e  a c i d  
m i c e l l e s  a.re n o t  e f f i c i e n t  s o l u b i l i z e r s  o f  l i p i d s  o r  
e m u l s i f i e r s ,  b u t  become v e r y  e f f i c i e n t  wnen expanded by 
o t h e r  p o l a r  l i p i d s ,  su ch  as  l e c i t h i n ,  t o  form mixed m i c e l l e s .
A l l  l i p i i s  o f  •^’' h y s i o l o g i c a l  i n t e r e s t  a r e  t o  some e x t e n t  
p o l a r  and t h e  i n s o l u b l e  ones ,  w ^ich  r e q u i r e  m i c e l l a r
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s o l u b i l i z a t i o n  t o  be i n c o r p o r a t e d  i n t o  t h e  aoueous  p h a s e ,
? r e  d i v i d e d  i n t o  tv;o c l a s s  os
( i )  i n s o l u b l e ,  n o n - s w e l l i n g  am p h ip h i l e s , w hich  i n c l u d e s  
d i -  and t r i g l y c e r i d e s ,  c h o l e s t e r o l  and f a t  s o l u b l e
v i t a m i n s ,
( i i )  i n s o l u b l e  s w e l l i n g  a m n h i p h i l e s , w hich  i n c l u d e s  
p h o s p h o l i p i d s ,  m o n o g ly c e r id e s  and some i o n i s e d  lo n g  
c h a i n  f a t t y  a c i d s .  These  have a p o l a r  g roup  which  i s
s t r o n g  enough t o  a l l o w  a  c e r t a i n  i n t e r a c t i o n  w i t h  
w a t e r .
The l a t t e r  a l i g n  t h e m s e l v e s  w i t h  b i l e  a c i d s  t o  exnand t h e  
m i c e l l e  and trie r e s u l t i n g  mixed m i c e l l e  has  a much g r e a t e r  
a b i l i t y  t o  s o l u b i l i z e  n o n - s w e l l i n g  a m p h ip h i l e s  s u c h  as  
c h o l e s t e r o l  (O arey  and oma.ll ,  1972) .  The s c h e m a t i c  s t r u c t u r e  
o f  t h e s e  . l i c e l l e s  i s  i l l u s t r a t e d  i n  F ig u r e  3*2.
The e v i d e n c e  f o r  t h e  e x i s t e n c e  of  m i c e l l e s  i n  v iv o  
i n c l u d e s  u l t r a - c e n t r i f u g a t i o n  o f  a s r i r a t e d  i n t e s t i n a l  
c o n t e n t s  which  r e v e a l s  a w a t e r  c l e a r  p h a s e  r i c '  i n  b i l e  
s a l t s ,  rnono v ly ce r id e s  and f a t t y  a c i d s  ( Hofmann and Pormstr- 'm,
1 9 6 4 ; .
I n  t h e  a b s e n c e  o f  b i l e ,  t r i g l y c e r i d e  a b s o r p t i o n  i s  
o n l y  r e d u c e d  t o  53-75  7: b u t  f a t t y  a c i d s  a p p e a r  f r e e  i n  p o r t a l  
b l o o d  r a t  :e r  t h a n  as t r i g l y c e r i d e s  i n c o r p o r a t e d  i n t o  
c h y l o m ic r o n s  i n  t h o r a c i c  d u c t  lymph (B e r g s t r o m ,  1953)* 
ô h e t n e r  t  : i s  r e f l e c t s  a  d i r e c t  e f f e c t  o f  b i l e  a c i d s  on 
m ucosa l  r e - e s t é r i f i c a t i o n  i s  u n c e r t a i n  ( H o l t ,  1972 ) .
A l tn o u g n  n o t  e s s e n t i a l  f o r  t h e  a b s o r p t i o n  o f  
t r i g l y c e r i d e s y b i l e  a c i d s  a p p e a r  to  enhance t h e  o v e r a l l  
p r o c e s s  o f  l i p o l y s i s  i n  v i t r o  and i n  v i v o .  The main e f f e c t s
P-L
a r e  p r o b a b l y
( i )  a i l i n g  é m u l s i f i c a t i o n  o f  f a t  by mixed m i c e l l e s  and 
t / iu s  i n c r e a s i n g  t h e  s u r f a c e  a r e a ,  L i p o l y s i s  o f  l o n g  
c h a i n  t r i g l y c e r i d i e s  o c c u r s  on ly  a t  t h e  o i l - v / a t e r  
i n t e r p h a s e  and r e l e a s e s  f r e e  f a t t y  a c i d s  p l u s  
p - m o n o g l y c e r i d e s  ( S a r d a  and D e s n u e l l e , 1953) .
( i i )  S o l u b i l i s i n g  t h e  p r o d u c t s  o f  l i p o l y s i s  i n  a  m i c e l l a r  
s o l u t i o n  t h u s  e n h a n c in g  t r a n s p o r t  a c r o s s  t h e  u n s t i r r e d  
l a y e r  and i n t o  t h e  m i c r o v i l l i .  Th i s  seems t o  be 
r a t e - l i m i t i n g ,  r a t h e r  t h a n  t h e  r a t e  o f  l i p o l y s i s ,  i n  
t h e  a b s e n c e  o f  b i l e  ( n o l t ,  1972) .
B i l e  a c i d s  have been  shown t o  be e s s e n t i a l  f o r  t h e  
a b s o r p t i o n  o f  f a t  s o l u b l e  v i t a m i n s  and c h o l e s t e r o l ,  w hich  
r e q u i r e  s o l u b i l i z a t i o n  i n  mixed m i c e l l e s  f o r  t r a n s p o r t  a c r o s s  
t h e  u n s t i r r e d  w a t e r  l a y e r  t o  be a b s o rb e d  a t  t h e  m i c r o v i l l i  
o f  t h e  m ucosa l  c e l l s  ( S i p e r s t e i n  e t  a l ,  1952; H o l t ,  1972) .  
C h o l e s t e r o l  i s  n e v e r  c o m p l e t e l y  a b s o rb e d  s i n c e  t h e  
m o n o g l y c e r i d e s ,  p h o s u h o l i p i d s  and  f a t t y  a c i d s  n e c e s s a r y  f o r  
t h e  f o r m a t i o n  o f  t h e  mixed m i c e l l e s  a r e  a b s o r b e d  more 
r a p i d l y  t h a n  t h e  c h o l e s t e r o l  (Simmonds e t  a l ,  1967) ,  
D i f f e r e n c e s  i n  B i l e  Acid  d e t a b o l i s m  Between t h e  Rat  and Man 
One o b v ious  d i f f e r e n c e  b e tw ee n  t h e  r a t  and man vhiich 
i s  c o n c e r n e d  w i t h  b i l e  a c i d  metaboli sm i s  t h e  a b s en ce  o f  
a  g a l l b l a d d e r  i n  t h e  fo rm e r .  Throughout t h e  day t h e  b u l k  
o f  t h e  b i l e  a c i d  p o o l  i s  c o n t a i n e d  i n  t h e  s m a l l  i n t e s t i n e  
and caecum o f  t h e  r a t  ( i ’o ,  1 9 7 6 ) ,  whereas  i n  man b i l e  i s  
s t o r e d  i n  t h e  g a l l b l a d d e r  between meals  (W hee le r ,  1971) .  
C h o le c y s t e c t o m y  r e d u c e s  t h e  b i l e  a c i d  poo l  s i z e  and t h e  b i l e
c o n t a i n s  more d e o x y c n o l a t e  (Pomare and iea.ton, 1 3 7 5 ) .
A n o th e r  d i f f e r e n c e  be tw ee n  t h e  two s p e c i e s  i s  t h e  p r e s e n c e  
i n  t h e  r a t  l i v e r  o f  enzymes c a p a b l e  o f  h y d r o x y l a t i n g  b i l e  
a c i d s  a t  t h e  7o(and  6p p o s i t i o n s ,  T h u S ;d e o x y c h o l i c  a c i d  
fo rmed  i n  t h e  g u t  can  be r e h y d r o x y l a t e d  t o  c h o l i c  a c i d  i n  t h e  
r a t  ( .Bergst rom e t  a l ,  1?60 ' ; Thomas e t  a l ,  1964 ) .
H y d r o x y l a t i o n  a t  t h e  S j i  p o s i t i o n  g i v e s  r i s e  t o  b i l e  a c i d s  o f  
t h e  r a u r i c h o l a t e  s e r i e s  p l u s  hyod eo x y ch o l ic  and h y o c h o l i c  
a c i d s .  Hyodeoxycho l ic  a c i d  a r i s e s  by a c o m b in a t io n  o f  6p 
h y d r o x y l a t i o n  i n  t h e  r a t  l i v e r  and t h e  a c t i o n  o f  g u t  b a c t e r i a ,  
\7hich e n i n e r i s e  t h e  6 j i  hydroxa-'l g roun  t o  t h e  oÀ p o s i t i o n ,  
p r o b a b l y  v i a  t h e  k e t o  d e r i v a t i v e  ( ï ï i n a r s s o n ,  1966) .
FIGURE 3 . 1 .  STRUCTURE OF 53 CH0LA1Ï0IG ACID
(CHOLANIC ACID) GH0V/IÏ3G NUi-IBERIRG 
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Dynamics o f  t h e  E p i t h e l i u m
The mucosa l  l i n i n g  o f  t h e  i n t e s t i n a l  t r a c t  i s  i n  a 
c o n s t a n t  s t a t e  o f  r enew al  and t h e  e n t e r i c  e p i t h e l i u m  has 
t h e  f a s t e s t  r a t e  o f  t u r n o v e r  f o r  a,ny t i s s u e  i n  t h e  body 
u n d e r  no rm al  c i r c u m s t a n c e s . The e n t e r i c  e p i t h e l i u m  i s  
c o m p l e t e l y  r e p l a c e d  w i t h i n  two to  t h r e e  days  i n  mice and 
r a t s  ( h e h l o n d  and ’. / a l k e r ,  1156;  abrams e t  a l ,  1965 ) and 
man ( L i p k i n  e t  a l ,  1965; MacDonald e t  a l ,  1964) .
A d i a g r a m a t i c  r e p r e s e n t a t i o n  o f  t h e  k i n e t i c  
com par tm en ts  i n  t h e  c r y p t s  and v i l l i  o f  s m a l l  bowel 
mucosa i s  shown i n  .Fiyure 4*1.  Much o f  t h e  knowledge  
o f  t h e  C O a p a r t m e n t a l i s a t i o n  o f  t h e  c e l l  r en ew a l  sy s tem  
i s  d e r i v e d  from e x p e r i m e n t s  i n  r o d e n t s ,  b u t  i t  i s  v i r t u a l l y  
c e r t a i n  t h a t  a  s i m i l a r  a r r a n g e  aent  o b t a i n s  i n  man (b'at son 
and r i g h t , 1974 ) .  The e n t e r o c y t e s  a r e  r e g u l a r  c l o s e  
packed  co lu m n a r  e û t h e l i a l  c e l l s  w i t h  a d i s t i n c t  b r u s h  
b o r d e r  o f  m i c r o v i l l i  e a c h  ab o u t  I p .  i n  l e n g t h  c.nd 0 . 1 - 0 .  2n 
i n  widt:3.  The o n ly  b r e a x  i n  t h e  e i i t e r o c y t e  l a y e r  i s  a t  
t h e  v i l l u s  t i p  where e x t r u s i o n  zones  show t h e  s i t e  o f  
d e s q u a m a t io n  (d r e a m e r ,  1974) .
Columnar ( a b s o r p t i v e )  c e l l s  outnumber  t h e  o t h e r  
t h r e e  m a jo r  c e l l  types^  w hich  a r e  mucous ( g o b l e t )  c e l l s ,  
e n t e r o e n d o c r i n e  ^a r p e n t a . ' f i n ) c e l l s  and P a n e t h  c e l l s .
A l l  f o u r  c e l l  t y n e s  a r e  t h o u g h t  t o  a r i s e  from t h e  same 
p r e c u r s o r ,  t h e  u n d i f f e r e n t i a t e d  c r y p t  b ase  co lu m n a r  c e l l  
\Cheng and Leb lond ,  1974) .
C e l l  d i v i s i o n  i n  t ne e n t e r i c  e p i t h e l i u m  i s  r e s t r i c t e d  
t o  t h e  b a s e  o f  t h e  c r y p t s ,  where c e l l s  have h ig h  a c t i v i t i e s
o f  t h y l i d i n e  k i n a s e  and o t n o r  enay:aes i n v o l v e d  i n  n u c l e i c  
a c i d  s y n t h e s i s  ( i n o n d i  e t  c l ,  1969 ) .  The !’l p h a s e  o f  a c t u a l  
m i t o s i s  o c c u p i e s  o n ly  a  b r i e f  p a r t  (one hour)  o f  t h e  
c o m p le te  c e l l  c y c l e  w hich  l a s t s  f o r  10 -17  h o u r s  i n  r o d e n t s  
and  a.t l e a s t  21 hou rs  i n  man. DhA s y n t h e s i s  i s  c o n f i n e d  
t o  a d i s c r e t e  p e r i o d  (S p h a s e ) ,  b u t  RhA and p r o t e i n  a r e  
a c t i v e l y  e l a b o r a t e d  t h r o u g h o u t  t h e  S phase  and d u r i n g  t h e  
p r e m i t o t i c  (G^) and p o s t m i t o t i c  (G^) gaps  (Eas tw ood ,  1977) .
The r a t e  o f  t u r n o v e r  i s  so r a p i d  t h a t  c e l l s  do n o t  n o r m a l ly  
e n t e r  t h e  p r o l o n g e d  i n t e r p h a s e  (G^) found i n  o t h e r  more 
s l o w l y  r enew ing  t i s s u e s .
A f t e r  a t  l e a s t  two d i v i s i o n s  w i t h i n  t h e  c r y p t ,  c e l l s  
m i g r a t e  o n t o  t h e  v i l l u s ,  h a v in g  l o s t  t h e  a b i l i t y  t o  
i n c o r p o r a t e  t h y m id in e  and undergo  f u r t h e r  m i t o s i s  ( L i n k i n ,
1975; Eas twood; 1 9 7 7 ) .  E n t r y  from t h e  p r o l i f e r a t i v e  
CO'ip a r t  ment t o  t h e  m a t u r a t i o n  compar tment i s  accompanied  
b,  ^ d i f f e r e n t i a t i o n  i n t o  t h e  m a tu re  co lumnar  c e l l  c o n t a i n i n g  
enzymes a s s o c i a t e d  w i t h  i t s  p r im a ry  f u n c t i o n  o f  n u t r i e n t  
a b s o r p t i o n  ( I n o n d i  e t  a l ,  1969; L i p k i n ,  1 9 7 5 ) .  C e l l  m i g r a t i o n  
i s  c o m p le t e d  more r a p i d l y  i n  t h e  i l e u m , r a t h e r  t h n n  i n  th e  
]G junu.i ,  a 3 a r e s u l t  o f  t h e  d e c r e a s i n g  a b o r a l  g r a d i e n t  of  
v i l l u s  h e i g h t  a l o n g  t h e  s m a l l  bowel (Altmann and Enesco ,  1967),
Un 1er normal s t e a d y  r a t e  c o n d i t i o n s  c e l l  l o s s  from t h e  
v i l l u s  t i p  i s  b a l a n c e d  by c e l l  b i r t h  a t  t h e  c r y p t  b a s e .
The number o f  v i l l u s  c e l l s  r e g u l a t e s  c r y p t  c e l l  p r o l i f e r a t i o n  
i n  tme e p i t h e l i u m  o f  t h e  sm a l l  i n t e s t i n e  by a  f e e d b a c k  
c o n t r o l  mecha'-iism (Uij.me e t  a l ,  1976) .  Crynt  c e l l  
p r o l i f e r a t i o n  i s  a f f e c t e d  by p h y s i o l o g i c  v a r i a b l e s  i n c l u d i n g  
a d i  i ; r n a .  1 rhy  t  ■.m an d o e s t r u s  c y c l e  ( be b l  ond a n d a 1 ke r ,
1 3 5 6 ) .
I n  c o e l i a c  d i s e a s e  t h e  i n c r e a s e d  r a t e  o f  c e l l  l o s s  
w i t s  v i l l u s  a t ro p h y ,  r e s u l t i n g  f r^m g l u t e n  da  :iaa'e, i s  
accom pan ied  by a marked i n c r e a s e  i n  c r y p t  c e l l  n r o d u c t i o n .
The p r o l i f e r a t i v e  c o m p a r t a e n t  i n  t h e  c r y p t s  i n c r e a s e s  and 
t h e  c e l l  c y c l e  t i n e  i s  h a l v e d  w i t h  a  r e s u l t i n g  s i x - f o l d  
i n c r e a s e  i n  c e l l  p r o d u c t i o n  from t h e  c r y p t s  ( Watson and 
’w r i g h t ,  1 9 7 4 ) .
In  germ f r e e  a n i m a l s  v i l l u s  t r a n s i t  t im e  i s  i n c r e a s e d  
and c e l l  t u r n o v e r  i s  r e d u c e d  so t h a t  t h e  r a t i o  o f  v i l l u s  
h e i g h t  t o  c r y p t  h e i g h t  i s  i n c r e a s e d  (Abrams e t  a l ,  1965;
Gal.jaard e t  a l ,  19 7 2 ) .
Abso r p t i o n o f  Wat e r  and E l e c t r o l y t e s
W ate r  i n t a k e  i s  c o m p a r a t i v e l y  s m a l l  ( l 4 - 2 l )  compared 
w i t h  t h e  t o t a l  f l u i d  l o a d  p r e s e n t e d  t o  t h e  s m a l l  i n t e s t i n e .  
S a l i v a r y ,  g a s t r i c ,  bi l iar i ,^^  p a n c r e a t i c  and mucoSal s e c r e t i o n s  
t o t a l  a b o u t  71 p e r  day i n  man. A l l  t h e  e v id e n c e  sngges 'b  
t n a t  w a t e r  a b s o r p t i o n  i s  p a s s i v e  and accomuanies  n e t  movement 
o f  s o l u t e  o u t  o f  t h e  lumen i n  i s o t o n i c  p r o p o r t i o n s .
Trie duodenum i s  f r e e l y  p e r . i e a b l e  t o  f l u i d  and e l e c t r o l y t e s  9 
and f o l l o w i n g  t h e  i n g e s t i o n  o f  a meal g a s t r i c  c o n t e n t s  a r e  
r e n d e r e d  i s o t o n i c  by t h e  t im e  t h e  up p e r  .jejunum i s  r e a c h e d  
( F o r d t r a n  and L o c k l e a r ,  1 9 6 6 ) .  The i n t u b a t i o n  s t u d i e s  o f  
B o rg s t ro m  and c o - w o r k e r s  i n d i c a t e d  t h a t  t h e  b u l k  a b s o r p t i o n  
o f  p r o t e i n ,  s t a r c h  and  f l u i d  was pe r fo rm ed  by t h e  p ro x im a l  
h a l f  (IhO cm) o f  t h e  s m a l l  i n t e s t i n e  ( B o r r s t r o m  e t  a l ,  19o7).
The j e ju n u m ,  t h e r e f o r e , a b s o r b s  l a r g e  q u a n t i t i e s  o f  w a t e r ,  
sodium and c h l o r i d e  f r o  a a  s o l u t i o n  w hich  i s  i s o t o n i c .
P e r f  i s i o n  o f  t' ' .e j e junum  w i t n  s a l i n e  r e s u l t s  i n  very'’ l i t t l e  
d e n o n s t r a b l e  a b ^ o r '  t i o n  b u t  g l u c o s e , e t  c o n c e n t r a t i o n s  rm-eate ?
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t h a n  Idm-'îj p rom otes  a c s o r ’vfcion o f  sodiu::i, ch lo r i .d e  and 
w a t e r  ( S l a d e n  and Dawson, 1 9 6 l ) .  G l y c i n e ,  l e u c i n e  and 
g a l a c t o s e  a l l  have  a s i m i l a r  e f f e c t ,  and t h e  e f f e c t s  may he 
a d d i t i v e  ( i a l i n  e t  a l ,  19 7 0 ) .  I t  seems l i k e l y  t h a t  g l u c o s e  
p rom otes  n e t  sodium t r a n s p o r t  in  a  d i r e c t  f a s h i o n  and t h a t  
w a t e r  t r a n s p o r t  i s  g. s e c o n d a r y  conseouence  o f  t i i i s .  C r a n e ' s  
'pypothesis._) r e l a t i n g  g l u c o s e  and sodium t r a n s p o r t ?  s u g g e s t s  
t h a t  t n e s e  two s o l u t e s  combine  w i t h  a common membrane 
c a r r i e r  w h ich  f a c i l i t a t e s  e n t r y  o f  b o t h  i n t o  t h e  mucosal  
c e l l  (C ra n e ,  I 9 6 5 ) .  The d r i v i n g  f o r c e  f o r  sodium t r a n s p o r t  
c ones  from t h e  s o d i u c  pump s i t u a t e d  a t  t h e  b a s a l  membrane 
o f  t h e  mucosa l  c e l l s .  These  menbrane bound ATPase^- (Skou,  
1 9 6 5 ) m a i n t a i n  t h e  low i n t r a c e l l u l a r  sodium c o n c e n t r a t i o n  
by a c t i v e l y  t r a n s p o r t i n g  sodium o u t  o f  t h e  c e l l s .  C h l o r i d e  
a p p e a r s  t o  accompany sodium by p a s s i v e  d i f f u s i o n .
I n  c o n t r a s t  t o  t h e  je junum ,  sodium a b s o r p t i o n  i n  t h e  
i l e u m  can  o c c u r  i n d e p e n d e n t l y  o f  o t n e r  s o l u t e s  a n i  t a k e  
p l a c e  a g a i n s t  a  l a r g e  c o n c e n t r a t i o n  g r a d i e n t  ( F o r d t r a n  e t  a l ,  
1963) .
Ca r b o h y d r a t e D i g e s t i on and A b s o r p t io n
Most o f  t h e  c a r b o h y d r a t e  i n g e s t e d  i s  i n  t h e  form o f  
s t a r c h ,  s u c r o s e  and l a c t o s e .  The pk-amylases  o f  s a l i v a  and 
p a n c r e - ' t i o  j u i c e  a r e  b o t h  c a p a b le  o f  h y d r o l y s i n g  t h e  amvlose 
(^ Aj 1 ;4  l i n k s )  and a c y l o p e c t i n  ( b r a n c h e d  cmains  w i t h c < l ; 6  
l i n k s  a s  w e l l )  c o n s t i t u e n t s  o f  s t a r c h ,  b u t  i t  i s  p r o b a b l e  
t n a t  t h e  m a jo r  p a r t  o f  t h e i r  d i g e s t i o n  i s  c a r r i e d  o u t  i n  
t h e  s m a l l  i n t e s t i n e  by t h e  p a n c r e a t i c  enzyme ( D a h l n u i s t  
and d o r y s t r o n ,  1961; f o ^ e l  and Gray ,  I I 7 0 ) .  The * < 1-6  l i n k  
i s  n o t  b y I r o l y s e i  and so tmc p r o d u c t s  o f  d i g e s t i o n  in  t ^ e
s m a l l  i n t e s t i r i a l l u m e n  a r c  n a l t o s e ,  o a l t o t r i o s e  a n d c K - l i m i t  
d e x t r i n s  w i t h  v e r y  l i t t l e  g l u c o s e  b e i n g  formed  ( R o b e r t s  
and . /he Ian ,  I 9 6 0 ) ,  t o g e t h e r  w i t h  unchanged s u c r o s e  and 
l a c t o s e .
F o r  many y e a r s  i t  was c o n s i d e r e d  t n a t  t h e  l u m in a l  
phase  o f  c a r b o h y i r a t e  d i g e s t i o n ,  t h a t  i s  t h e  h y d r o l y s i s  o f  
d i s a c c h a r i d e s , t o o k  p l a c e  by t h e  a c t i o n  o f  enzymes s e c r e t e d  
i n t o  t h e  lumen i n  t h e  ' s u c c u s  e n t e r i c u s ' .  S u p p o r t  f o r  t h e  
c o n c e p t  o f  s u r f a c e  o r  membrane d i g e s t i o n  was p r o v i d e d  by 
t h e  l o c a l i s a t i o n  o f  t h e  d i s a c c h a r i d a s e s  t o  t h e  t e r m i n a l  
■me ubrane o f  t h e  b r u s h  b o r d e r  ( l i c h o lz  and S ra n e ,  1965) and 
t h e  d e m o n s t r a t i o n  o f  enzyme r i c h  knobs on t h e  s u r f a c e  o f  
t n e  m i c r o v i l l u s  membrane ( Ola and S e k i ,  I 9 6 5 ) .  The b r u s h  
b o r d e r  c o n t a i n s  s e v e r a l  d i s a c c h a r i i a s e s  i n c l u d i n g  l a c t a s e ,  
s u m ra s e ,  m a l t a s e  and t h e  s o - c a l l e d  ' i s o - m i a l t a s e  • . The 
l a t t e r  a c t s  on t h e  '><1:6  l i n k  o f  tm e O g - l im i t  d e x t r i n s ,  and 
tme o l i g o s a c c h a r i d e s '  p roduced  a r e  f u r t h e r  h y d r o l y s e d  to  
g l u c o s e  by t h e  a c t i o n  o f  p a n c r e a t i c  (xf-a.mylnse and t h e  
b r u s h  b o r d e r  enzvmes (Aimers  and S o l i n ,  1970) .  G lucose  
a n d ' g a l a c t o s e  a r e  a b s o r b e d  by time same a c t i v e  c a r r i e r  p r o c e s s ,
W ' . ich i s  l o c a t e d  i n  c l o s e  p r o x i m i t y  t o  t h e  d i s a c c h a r i d a s e s  
i n  t h e  b r u s h  b o r d e r  membrane. The e n e r r y  f o r  t r a n s p o r t  i s  
p r o v i d e d  i n  p a r t  by t h e  sodium c o n c e n t r a t i o n  g r a d i e n t  which  
i s  m a i n t a i n e d  by t h e  s o i i ’um piuip.  The sodium dépendance  
o f  g l u c o s e  a b s o r p t i o n  i n  v iv o  has n o t  been  c l e a r l y  d e m o n s t r a t e d  
i n  man, a l t h o u g h  p e r f u s i o n  s t u d i e s  have shown a  s m a l l  
r e d u c t i o n  i n  g l u c o s e  a b s o r p t i o n  a g a i n s t  .a c o n c e n t r a t i o n  
g r a d i e n t  woen sodium was r e p l a c e d  w i t a a n n i t o l  ( Olsen  and 
I n g e l f i —e r ,  1 9 - 3 ) .
P r o t e i n  D i r e s t i on and A b s o r p t i o n
P r o t e i n  d i g e s t i o n  i s  i n i t i a t e d  i n  t h e  s t o n a c h  by 
g a s t r i c  p r o t e i n a s e s  ( p e p s i n s )  and continue*: i n  t h e  sm a l l  
i n t e s t i n e  by t h e  n a n c r e a t i c  enzymes i n c l u d i n g  t r y p s i n ,  
c h y u o t r y p s i n ^  e l a s t a s e  and c a r b o x y p e n t i d a s e s , which  a r e  
s e c r e t e d  a s  i n a c t i v e  p r e c u r s o r s  and a c t i v a t e d  by t h e  sm a l l  
i n t e s t i n a l  b r u s h  b o r d e r  e n t e r o k i n n s e , B orgs t rom  e t  a.l 
found  t i i a t  o n ly  10-15 '6  o f  d i e t a r y  p r o t e i n  was h y d r o ly s e d  
i n  t h e  s t o  mach b u t  t h a t  5 0 - 6 0  ' was r a n i d l y  h y d r o l y s e d  
when t h e  duodenum was r e a c h e d ,  and t h a t  most  o f  t h e  n r o t e i n  
was a b s o r b e d  i n  t o e  p ro x im a l  50 - 60cm of  t^ie j e junum 
( B e r g s t r o m  e t  a l ,  1 9 5 7 ) .  The p r o d u c t s  o f  h y d r o l y s i s  a r e  
a l i n e  a c i d s  and s m a l l  p e n t i d e s .
I n  1955 Wiseman d e m o n s t r a t e d  t h a t  amino a c i d s  were  
a c t i v e l y  t r a n s p o r t e d  (Wiseman,  1955) and t h e r e  a r e  s e v e r a l  
d i f f e r e n t  t r a n s p o r t  s y s t e m s .  The f o l l o w i n g  t r a n s p o r t  
g ro u p s  have  been  s u g g e s t e d  (Matthews and Î,a s t e r ,  1965) .
( i )  monoamino-monocarboxylic  a c i d s
( i i )  d i b a s i c  amino a c i d s
( i i i )  K - s u b s t i t u t e d  a l ino  a c i d s  
( i v )  g l y c i n e  
The p o s s i b i l i t y  t h a t  p r o t e i n  was t r a n s p o r t e d  as  
p e p t i d e  and h y i r o l y s e d  i n t r a c e l l u l a r l y  was s e r i o u s l y  i n v e s t ­
i g a t e d  a f t e r  kewey and Süiyth d e m o n s t r a t e d  t h a t  i n t r a l u m i n a l  
h y l r o l y s l s  f o l l o w e d  by mucosa l  u n ta k e  c o u l d  n o t  a c c o u n t  
f o r  t h e  a b s o r n t i o n  o f  amino a c i d s  from d i n e n t i d e s  (kewey and 
dmyth,  1 9 6 2 ) .  A t r a n s n o r t  s y s t e i  f o r  p e p t i d e s  s e p a r a t e  
from t a t  f o r  amino a c i d s  and a l s o  more e f f i c i e n t ,  w i t h  t h e  
a p p a r e n t  a b s o r p t i o n  o f  i n t a c t  p e p t i d e s ,  was d e m o n s t r a t e d  i n
J " )
r a t s  and laan (Mat thews e t  a l ,  1963 ; A d ib i ,  197 1 ) .  P e r f u s i o n  
s t u d i e s  i n  man demons t r a d e d  to .a t  t o t a l  amino a c i d  a b s o r n t i o n  
was g r e a t e r  from a. t ryn^ t i c  hydro l y s a t e  c o n t a i n i n g  o l i g o ­
p e p t i d e s  and amino a c i d s  t h a n  from t h e  c o r r e s n o n d i n g  f r e e  
amino a c i d  m i x t u r e .  Some o f  t h e  i n d i v i d u a l  amino a c i d s  were 
b e t t e r  a b s o r b e d  f rom t h e  f r e e  amino a c i d  m i x t u r e  and some 
f rom t h e  h y d r o l y s a t e  ( o i l k  e t  a l ,  1 3 7 5 ) .
Two mechanisms f o r  p e n t i d e  h y d r o l y s i s  and t r a n s n o r t  
i n d é p e n d a n t  o f  t h e  u s u a l  f r e e  amino a c i d  c a r r i e r s  have been  
p r o p o s e d .  The f i r s t  i n v o l v e s  t h e  u p ta k e  o f  p e p t i d e  by a 
s p e c i a l  c a r r i e r  w i t h  h y d r o l y s i s  by a  c y t o p l a s m i c  p e p t i d a s e ? a n d  
t n e  s e c o n d  p r o p o s e s  t  . a t  p e p t i d e s  a r e  h y d r o l y s e d  a t  t h e  
membrane and t a k e n  up by a s p e c i a l  c a r r i e r  mechanism f o r  
amino a c i d s  l i b e r a t e d  by t h e  a c t i o n  o f  b r u s h  b o r d e r  
p e p t i d a s e  (Kim, 197 7 ) .
P e p t i d a s e  a c t i v i t i e s  a r e  h ig h  i n  i n t e s t i n a l  mucosal  
d e l l s  b u t  o n ly  a t r a c e  o f  such  a c t i v i t y  i s  found i n  l u m in a l  
c o n t e n t s .  The p e p t i d a s e  a c t i v i t y  o f  t h e  mucosa l  c e l l s  i s  
l o c a l i z e d  i n  two s u b c e l l u l a r  f r a c t i o n s ,  t h e  b r u s h  b o r d e r  
and  c y t o p l a s a i c  f r a c t i o n s .  The b r u s h  b o r d e r  f r a c t i o n  has 
l e s s  t h a n  1 2 )> o f  t h e  c e l l u l a r  a c t i v i t y  to w ard  d i n e n t i d e  
s u b s t r a t e  b u t  a s  much as  60  ' o f  t e a t  to w ard  t r i u e p t i d e s  
(d im e t  a l ,  1 9 7 4 ) .
Tne mechanisms and im p o r t a n c e  o f  p e p t i d e  a b s o r p t i o n  
a r e  s t i l l  b e i n g  i n v e s t i g a t e d .  I n  p a t i e n t s  w i t h  c o e l i a c  
d i s e a s e  t h e  r a t e  o f  j e j u n a l  a b s o r n t i o n  o f  amino a c i d s  i s  
m a rk e d ly  r e d u c e d  w h ereas  t h a t  of  d i p e n t i d e s  i s  l e s s  a f f e c t e d  
( A d i b i  e t  a l ,  1 9 7 4 ) .
F a t  P i  g e s t i o n  and Absor~^ tion
The r o l e  o f  b i l e  a c i d s  i n  f a t  d i g e s t i o n  and a b s o r n t i o n  
ha ' been  d i s c u s s e d  i n  d h a n t e r  5 ,
4V
Once t h e  B -m o n o g ly c e r id e  and f a t t y  a c i d , w h i c h  a r e  t h e  
p r o d u c t s  o f  t r i g l y c e r i d e  d i g e s t i o n ,  have e n t e r e d  t h e  mucosa l  
c e l l  t h e y  a r e  m a in ly  r e c o n v e r t e d  i n t o  t r i g l y c e r i d e  ( Dawson, 
1 9 6 7 ) .  T e i s  t a k e s  p l a c e  e i t h e r  by t h e  - g l y c e r o p h o p h a t e  
pa thway o r  a l t e r n a t i v e l y  by a c y l a t i o n  o f  t h e  m o n o g ly c e r id e  
w i t h  OoA d e r i v a t i v e s  o f  t l ie  f a t t y  a c i d s .  I t  i s  t h o u g h t  t h a t  
a b o u t  6 0 >.. o f  t h e  m o n o g ly c e r id e  i s  p r e s e r v e d  by t h i s  l a t t e r  
pathway^ b u t  t h e  r e l a t i v e  u t i l i z a t i o n  o f  t h e  tv/o pa thways  
depends  on t h e  a v a i l a b i l i t y  o f  t h e  v a r i o u s  s u b s t r a t e s  
( S e n i o r  and I s s e l b a c h e r ,  H 6 3 ) .
T r i g l y c e r i d e s  and c h o l e s t e r o l  a r e  t r a n s p o r t e d  o u t  o f  
t h e  c e l l  a s  c h y l o n i c r o f t s  o r  v e r y  low d e n s i t y  l i p o p r o t e i n s  
(VLJL) i n t o  t h e  l y m - ih a t i c s .  Chylomicrons  c o n t a i n  81-17/5 
t r i g l y c e r i d e ,  2-9 /  p d o n h o l i p i d ,  5 / ^ c h o l e s t e r o l  and 2 y 
p r o t e i n .  U n s a t u r a t e d  f a t t y  a c i d s  a r e  t r a n s p o r t e d  on ly  i n  
t h e  c h y lo a i i c ro n  . f r a c t i o n  w h i l e  s a t u r a t e d  f a t t y  a c i d s  a r e  
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INTRODUCTION
Two m a jo r  g a s - l i q u i d ,  c h ro m a to g r a p h i c  methods f o r  
measurement o f  . faeca l  b i l e  a c i d s  were n u b l i s h e d  i n  t h e  l a t e  
i 9 6 0 ' 8 .
The method o f  Grundy e t  a l  ( I 9 6 5 ) i n v o l v e s  a  t h i n - l a y e r  
c h r o m a t o g r a p h i c  p u r i f i c a t i o n  s t e p  i n  a d d i t i o n  t o  s o l v e n t  
e x t r a c t i o n s ,  and f o r  same l e s  c o n t a i n i n g  l e s s  t h a n  200yug o f  
b i l e  a c i d s  p e r  g o f  f a e c a l  homogena.te a f l o r i s i l  column s t e n  
was a l s o  i n c l u d e d .  B i l e  a c i d s  were ch rom a tog raphed  a s  t h e  
t r i m e t h y l s i l y l  e t h e r s  o f  t h e  m e t h y l e s t e r s , and t h e  i n t e ­
g r a t e d  peak  a r e a  f o l l o w i n g  t h e  5h<- -cho les tane  s t a n d a r d  peak  
was c a l c u l a t e d  to  g i v e  t o t a l  f a e c a l  b i l e  a c i d s .  Rad io­
a c t i v e  l y  l a b e l l e d  d e o x y c h o l i c  a c i d  was used  as  a  r e c o v e r y  
m a rk e r  f o r  t h e  s t e p s  p r o c e e d i n g  GLC a n a l y s i s .
I n  1963  E v r a r d  and J a n s s e n  p u b l i s h e d  a  s i m u l e r ,  s h o r t e r  
method em ploy ing  25-N o r d e o x y c h o l i c  a c i d  as an i n t e r n a l  
s t a n d a r d  t o  q u a n t i t a t e  r e c o v e r y  a t  t h e  v a r i o u s  e x t r a c t i o n  
and p u r i f i c a t i o n  s t e p s  and a l s o  f o r  t h e  GLG s t a g e .  The 
o r i g i n a l  metho i c h ro m a to g ra p h e d  t h e  b i l e  a c i d s  as t h e  k e t o n i c  
m e thy l  e s t e r s  on 1 >5 J  IR columns and d i d n ' t  s e p a r a t e  
d e o x y c h o l i c  and c h e n o d e o x y c h o l i c  a c i d s .  M o d i f i c a t i o n  o f  
t h e  c h r o m a t o g r a p h i c  c o n d i t i o n s  employing'  a  p h e n y l -m e t h y l  
s i l i c o n e  u ’iase ( 07 -17 ,  pO '  p h e n y l )  ar.d o m i t t i n g  t h e  o x i d a t i o n  
s t e p ,  as  r e - o r t e d  by A l l a n  e t  a l  (1974)» a l l o w s  s e p a r a t i o n  
o f  d e o x y c h o l i c  and c h e n o l e o x y c h o l i c  a c i d s .
T h i s  m o d i f i e d  E v ra rd  and J a n s s e n  method was employed i n  
t h e  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  e l e m e n t a l  d i e t s  on f a e c a l  
b i l e  a c i d  e x c r e t i o n  r e p o r t e d  i n  t h e  f o l l o w i n g  c h a n t e r s .
OUTLINE OF . :E T .:QD 
P r e p n r a t  i o n  of  Ja anl e s
F o r  human s t u d i e s  a  f a e o a l  c o l l e c t i o n  v/as made o v e r  a 
5 day p e r i o d  and homogenised u s i n g  a S i l v e r s o n  e m u l s i f i e r  
w i t h  a  minimum volume o f  w a t e r ,
The t o t a l  f a e c a l  w e i g h t  and w e ig h t  o f  t h e  homogenete 
were  n o t e d .  A weighed  a l i q u o t  (50»100g) was t h e n  f r e e z e -  
d r i e d ,  r e w e ig h e d  and a  p o r t i o n  ( 0 . 5g) t a k e n  f o r  a n a l y s i s .
Rat  f a e c e s  were  n o r m a l ly  p o o le d  i n  s even  day s am p le s ,  
d r i e d  and  f i n e l y  g round  i n  a p e s t l e  and m o r t a r  o r  u s i n g  an 
e l e c t r i c  m i l l , F o r  a n a l y s i s  an a l i q u o t  ( i g )  o f  t h e  
powde r  was u s e d .
E x t r a c t i o n  o f  Bi l e  Acids
E x a c t l y  5 / i l  o f  g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  th e  
i n t e r n a l  s t a n d a r d ,  23- n o r d e o x y o h o l i c  a c i d  ( 300yxig/nil) was 
added  t o  t h e  w e ig h ed ,  powdered f a e c e s  i n  an 30ml q u i c k f i t  
tubOp and t h e  b i l e  a c i d s  e x t r a c t e d  by h e a t i n g  f o r  1 h ou r  a t  
120^1 i n  a S t a t i m  b l o c k .  The samples  were t h e n  c o o l e d ,  
6ml o f  t o l u e n e  added and mixed w e l l .  A p p ro x im a te ly  5 ml 
o f  t h e  s u p e r n a t a n t  was t r a n s f e r r e d  t o  a second  tu b e  and 
t h e  s o l v e n t s  e v a p o r a t e d  i n  a w a t e r  b a t h  a t  50^1 u n d e r  
n i t r o g e n .  
daoon i  f i c a t  ion
2 ml o f  2 0 p o ta s s i u m  h y d ro x id e  i n  e t h y l e n e  g l y c o l  was 
a i d e d  t o  t: ie r e s i d u e ,  w hich  was d i s s o l v e d  by o r o g r e s  ' i v e  
h e a t i n g  w i t h  m ix ing  and h y d r o l y s i s  was c a r r i e d  o u t  u n d e r  
r e f l u x  a t  220^9 f o r  20 m i n u t e s .  (The u p - e r  p a r t  o f  t h e  t e s t  
t u b e  s e r v e s  as  an a i r  c o n d e n s e r ) .  10ml o f  F O l 'aau eo u s  
sodium c h l o r i  and 1ml o f  methanol  were added to  t h e  c o o l e d
sample  c o n t a i n i n g  t h e  d e c o n j u g a t e d  b i l e  a c i d s .
Ex t r a c t i o n  o f  N e u t r a l  i t e r o l s
The u n s a p o n i f i a b l e  m a t t e r  was e x t r a c t e d  from t h e  
a l k a l i n e  m i x t u r e  by v i g o r o u s  m ix ing  w i t h  4 % 5 ml o f  
p e t r o l e u m  e t h e r  (60-10*^ p e t ro l e u m  s n i r i t ) .  The r e t r o l e u m  
e x t r a c t s  were  d i s c a r d e d .
E x t r a c t i o n  o f  B i l e  Acids  and E e t h y l e t i o n
The lo w e r  l a y e r  r e m a in in g  a f t e r  e x t r a c t i o n  w i t h  p e t ro l e u m  
e t h e r  ws.s a c i d i f i e d  w i t h  6KH0L t o  pH 1 o r  2 ( i n d i c a t o r  p a p e r )  
and  t h e  b i l e  a c i d s  e x t r a c t e d  w i t h  3 % 5 ml d i e t h y l  e t h e r .
The p o o le d  e t h e r  e x t r a c t s  were t h e n  e v a n o r a t e d  u n d e r  n i t r o g e n  
w i t h  t h e  s u c c e s i v e  a d d i t i o n  o f  t o l u e n e  (3  x 2 m l ) .
Tne d ry  r e s i d u e  was r e d i s s o l v e d  i n  a  m i x tu r e  o f  d i e t h y l  
e t h e r  ( 2 m l) and m e thano l  (5 d r o p s ) .  An e x c e ss  o f  e t h e r a l  
d i a z o m e th a n e  was added  t o  g i v e  a v i s i b l e  y e l lo w  c o l o u r  and 
a f t e r  15 m in u te s  a t  4 ^ E t h e  m i x tu r e  was e v a p o r a t e d  t o  
d r y n e s s .
Diaz omet ■’.ane was f r e s h l y  p r e p a r e d  as f o l l o w s :
1 1 g o f  N - m e t h y l - E - n i t r o s o t o l u e n e - 4- s u lp h o n a m id e  was added 
t o  15  ml o f  5 0 / - a o n e o u s  p o t a s s i u m  h y d ro x id e  p l u s  100  ml 
e t h a n o l ,  and d i s t i l l a t i o n  c a r r i e d  o u t  a t  90-100°E.  The 
d i s t i l l a t e  was c o l l e c t e d  i n  40  ml o f  i c e  c o l d  e t h e r .
10ml o f  2 0 .; aq b a l l  was t h e n  added t o  t h e  r e s i d u e  and th e  
b i l e  a c i d  n e t y y l  e s t e r s  e x t r a c t e d  w i t h  3 % 5 ml d i e t h y l  
e t h e r .  The e t h e r  was e v a n o r a t e d  a f t e r  a d d i t i o n  o f  t o l u e n e  
( 2 nl,  and t h e  r e s i d u e  t r a n s f e r r e d  t o  a s m a l l  t u b e  w i t h  1 - 2  ml 
a c e t o n e  p r i o r  t o  GEE a n a l y s i s .
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GLE__ Ana l y s i s
T h i s  was c a r r i e d  o u t  a t  275^0 u s i n g  a  d u a l  column 
r y e - 1 0 4  OLE w i t n  f l a m e - i o n i s a t i o n  d e t e c t o r s  and n i t r o g e n  
c a r r i e r  g a s .  o '  x 4 mn g l a s s  columns packed w i t h  2 <
0V-1 7 on 100-120  mesh Gas chrom Q ( p h a s e - S e p a r a t i o n s ,
F l i n t s h i r e )  were  u s e d .
B i l e  Acid  S t a n d a r d s
D u p l i c a t e  s t a n d a r d s  c o n t a i n i n g  300 yag/ml o f  each  
i n d i v i d u a l  b i l e  a c i d  and tVie i n t e r n a l  s t a n d a r d ,  2 3 - n o r d e -  
o x y c h o l i c  a c i d ,  were  t a k e n  t h r o u g h  t h e  method w i t h  eac h  
h ^ t c h  o f  f a e c a l  samples  a n a l y s e d .
The b i l e  a c i d s  i n c l u d e d  i n  t h e  s t a n d a r d s  were  l i t h o c h o l i c ,  
d e o x y c h o l i c ,  c h e n o d e o x y c h o l i c ,  c h o l i c  and h y o d e o x y c h o l i c  
a c i d s .
EALEULATIOI;
The amount o f  e ac h  b i l e  a c i d  i n  t h e  sample  a l i q u o t  
a n a l y s e d  was c a l c u l a t e d  by n o r m a l i s i n g  t h e  i n t e r n a l  
s t a n d a r d  peak  a r e a  (m e a su re d  by t r i a n g u l a t i o n )  i n  each  
sam ple  w i t h  t h a t  i n  t h e  s t a n d a r d s  and  t h e n  com nar ing  t h e  
a r e a  o f  eac h  i n d i v i d u a l  b i l e  a c i d  peak  i n  t h e  sample  and 
s t a n d a r d s .
The amount o f  an i n d i v i d u a l  b i l e  a c i d  i n  t h e  sample (mg)
= mg 1 , 0 , samnle  x mg BA s t d  x PA I . E .  s t d  x PA DA samn
mg I . E .  s t d  FA I . E .  samnle  PA BA s t d
where  PA = Peak  Area
I , S . =  I n t e r n a l  S t a n d a r d  
bA “ I n d i v i d u a l  b i l e  a c i d
The r e s u l t s  f o r  e a c h  i n d i v i d u a l  b i l e  a c i d  were  sumaed
t o  g i v e  t o t a l  b i l e  a c i d s  i n  t h e  samnle .
4:)
D a i l y  f a e c a l  b i l e  a c i d  e x c r e t i o n  v a s  t h e n  c a l c u l a t e d  
as  f o l l o v s ,
? o r  hniian s a n - l e s
mg/day ■- ’ng BA found  x 4r % ^  x ^
where H = t o t a l  w e ig h t  o f  horaogenate
A = wt o f  ho.nogenisei.  a l i q u o t  
B := wt o f  d r i e d  a l i o u o t  
S -  wt o f  d r i e d  a l i q u o t  a n a l y s e d  
d “  no .  o f  days o f  c o l l e c t i o n
F o r  r a t  sa-nnles
:ng/dav = mg BA found  x wt o f  d r i e d  f a e c e s  1
----------------------------------------------------------------------------- --—   X 7
wt o f  f a e c e s  a n a l y s e d
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The v a r i a b i l i t y  o f  r e s u l t s  f o r  t o t a l  f a e c a l  b i l e  a c i d  
e s t i m a t i o n s  was a s s e s s e d  by a n a l y s i n g  samnles  i n  d u p l i c a t e  
i n  t h e  same b a t c h  o f  a s s a y s  and i n  s e p a r a t e  b a t c h e s ,  
Bamples were ch o s en  t o  c o v e r  a  wide range  o f  v a l u e s  (T a b le
5 . 1 ) .  The c o e f f i c i e n t  o f  v a r i a t i o n  (CV) was c a l c u l a t e d





where  o ( d )  = sum o f  d i f f e r e n c e s  be tween  
d u p l i c a t e s .
N = nunber  o f  p a i r e  1 o b s e r v a t i o n s  
F o r  be tw een  b a t c h  v a r i a t i o n  t h e  CY was 12 .3 'd  and 
w i t  ni n b a t o n  i t  was 1 1 . 4 ’". These f iny i res  were c o n s i d e r e d  
a c c e p t a b l e  f o r  a  l o n g  c o m p l i c a t e d  a s s a y  p r o c e d u r e  such  a ’ 
f a e c a l  b i l e  a c i d  d e t e r i i i n a t i o n .
4 b
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F o u r  main - ^ a k s  were  found  i n  t h e  a n a l y s i s  o f  human 
f a e c a l  b i l e  a c i d s  c o r r e s p o n d i n g  t o  l i t h o c h o l i c ,  d e o x y c h o l i c ,  
c h e n o d e o x y c h o l i c  ajnd c h o l i c  a c i d  s t a n d a r d s ,  b u t  t h e s e  
p eak s  were  n o t  n e c e s s a r i l y  homogenous.  The c h o l i c  a c i d  
p e a k ,  f o r  examinle, i n c l u d e s  t h e  d ih y d ro x y  monoketo d e r i v a t i v e s  
O th e r  minor u n i d e n t i f i e d  peaks  were  a l s o  found i n  
sam p les  from some p a t i e n t s .
A q u a n t i t a t i v e l y  i m p o r t a n t  f i f t h  neak  was o r e s e n t  i n  
a l l  r a t  sam p le s  and was found  t o  c o r r e s n o n d  t o  h y o d e o x y c h o l i c  
a c i d  when t h e  a u t h e n t i c  compound was i n j e c t e d  i n t o  t h e  
GLC, f}\ in l a y e r  c h r o m a t o g r a p h i c  a n a l y s i s  had i n i t i a l l y  
r e v e a l e d  a  s p o t  w i t h  t n e  m o b i l i t y  o f  h y o d eo x y ch o l ic  a c i d  
(nofmann,  I I 6 4 ) w hich  was c o n f i rm e d  when t h e  compound was 
o b t a i n e d  ( S t e r a l o i d s  L t d . I r o y d o n p ,
A l t h o u g h  h y o d e o x y c h o l i c  a c i d  had been  r e n o r t e d  t o  o c c u r  
i n  t h e  r a t   ^.da-{it a and  f , e l l s , 115)  ; L i n a r s s o n ,  1155;
Demarne e t  a l ,  1 ^7 4 )» one o f  t h e  f i r s t  d e t a i l e d  r e n o r t s  o f  
i t s  q u a n t i t a t i v e  s i g n i f i c a n c e  i n  r e t  f a e c e s  was t h a t  
Madsen e t  a l  i n  1975.
B i l e  a c i d s  o f  t h e  m u r i c h o l a t e  s e r i e s  c o u l d  n o t  be 
o b t a i n e d  c o m m e r c i a l l y  b u t  e v e n t u a l l y  a s m a l l  s a n n l e  o f  
^ - m u r i c h o l a t e  was o b t a i n e d  a s  a r i f t  from Dr.  H. F yssen  o f  
t h e  he ga I n s t i t u t e ,  Louva in ,  Belgium. T h i s  b i l e  a c i d  was 
found  t o  elume w i t h  t h e  ; h o l i c  a c i d  neak  i n  t h e  GLd 
sy s t e m  u s e d .  A d e t a i l e d  a n a l y s i s  o f  f a e c a l  b i l e  a c i d  
c o m p o s i t i o n  was c o n s i d e r e d  beyond t h e  sco^e  o f  t ^ e s e  
s t u d i e s  and has n o t  been  a , t t e  i p t e d , s i n c e  mass s n e c t r o  n e t r v  
f a c i l i t i e s  a d t-  e n e c e - ' - a ry  a u t h e n t i c  b i l e  a c i d  s t ^ r d a r d s  
were n o t  a v a i l a b l e .
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C h ro m a to g ra p h in g  b i l e  a c i d n  as  t h e  i i n d e r i v a W R  m e th y l  
e s t e r s  p r e s e n t s  p rob lem s  s i n c e  c h o l a t e  i s  e a s i l y  a b s o rb e d  
on t h e  Golu.:m, p.s i n d i c a t e d  by t a i l i n g  o f  t h e  peak .  With 
c a r e f u l  s e l e c t i o n  o f  b a t c h e s  o f  OV- 1 7  p a c k i n g  and m o n i t o r i n g  
o f  t h e  co lum ns ,  i t  was found  t i i a t  a r e a s o n a b l y  l i n e a r  
r e s p o n s e  c o u l d  be o b t a i n e d  o v e r  a l i m i t e d  r a n g e .  The 
r e p r o d u c i b i l i t y  o f  t h e  method as  judged  by t h e  b e tw ee n -and  
v ; i t h i n - b a t c h  c o e f f i c i e n t s  o f  v a r i a t i o n  was c o n s i d e r e d  
a d e q u a t e  f o r  t h e  s t u d y  o f  g r o s s  changes  i n d u c e d  by e l e m e n t a l  
d i e t  f e e d i n g .
The o r i g i n a l  met'ood o f  Bvra.rd and J a n s s e n  which used  
k e t o  d e r i v a t i v e s  d i d n ' t  a l l o w  s e p a r a t i o n  o f  t h e  s e c o n d a ry  
b i l e  a c i d  d e o x y c h o l i c  f r j m  t h e  p r im a ry  c h e n o d e o x y c h o l i c  
a c i d ,  w h ich  i s  an  i m p o r t a n t  r e q u i r e m e n t  f o r  human s t u d i e s .  
A c e t a t e  d e r i v a t i v e s  were I n v e s t i g a t e d  b u t  c h o l a t e  and 
'^ 'yodeoxychola te  c o u l d  n o t  he s e p a r a t e d  on OY-17. An 
a l t e r n a t i v e  l i n u i d  p h a s e ,  P P d - 2 0 , was t r i e d  and good 
s e p a r a t i o n  o f  c h o l i c  a. d h y d o deoxycho l ic  a c e t a t e s  was 
a c h i e v e d  b u t  l i t h o c h o l i c  d i d n ’t  s e n a r a t e  from t h e  i n t e r n a l  
s t a n d a r d ,
Tae a d v a n t a g e  o f  u s i n g  2 f - n o r d e o x y c r io l i c  a c i d  i s  t h a t  
i t  i s  a  t r e e  i n t e r n a l  s t a n d a r d  t h r o u g h o u t  t h e  p ro c e d u r e  
and  does  n o t  o c c u r  n a t u r a l l y  i n  mon o r  t h e  r a t .  O the r  
s t a n  l o r d s  t r a t  . n v e  been  u s e d  f o r  GL'l q u a n t i t a t i o n  may o c c u r  
n a t u r a l l y  and i n c l u d e  7 - k e t o l i t h o c h o l a t e  ( J o n e s  e t  a l ,  1175), 
The Grundy method u t i l i s e s  b o t h  a r a d i o a c t i v e l y  l a b e l l e d  
r e c o v e r y  m a rx e r  and 5'X c ' -^oles tane as  GIG s ta n d a . rd ,  r a . t h e r  
t h a n  one i n t e r n a l  s t c n d ^ r i  t h r o u g h o u t .
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For  r o u t i n e  c l i n i c a l  s a  :iples we a r e  now c h r o m a to g r a p h i n g  
t h e  b i l e  a c i d  m e thy l  e s t e r  a c e t a t e s  on OV-17 co lum ns ,  
a l t h o u g h  a  p ro b lem  was e n c o u n t e r e d  i n i t i a l l y  w i t h  an 
u n i d e n t i f i e d  e x t r a  p e a k  i n  some p a t i e n t s '  s a m p le s .  T h i s  
has  t h e  m o b i l i t y  o f  u r s o d e o x y c h o l i c  a c i d  and o c c u r s  ma in ly  
i n  samples  from p a t i e n t s  w i t h  I r o h n ' s  d i s e a s e .  I t  e l u t e s  
w i t h  c n e n o i e o x y c h o l a t e  a s  t h e  u n d e r i v a t i s e d  methy l  e s t e r  
b u t  s e p a r a t e s  as  t h e  a c e t a t e ,  S i g n i f i c a n t  amounts o f  
u r s o d e o x y c h o l a t e  have been  r e p o r t e d  i n  b i l e  from p a t i e n t s  
w i t h  C r o h n ’s d i s e a s e  (V a n t r a p n e n  e t  a l ,  1977 ) .
TOTAL FAECAL BILE ACIDS, ;ng/ 24I1
W i t h i n  b a t c h  v a r i a t i o n Between b a t c h e s
A B A B
14) 202 276 225
773 743 253 253
531 370  ■ 144 163
84 87 57 45
294 272 11 12
376 227 272 503
25 17 772 745
132 193 276 279
40 39 800 753
30 67 1456 1400
510 230 4474 5199
1170 1130 5260 5548








C o e f f i c i e n t  o f  V a r i a t i o n C o e f f i c i e n t  o f  V a r i a t i o n
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TA3LJ 5 . 1  
REPRODUCIBILITY OF FAECAL BILE ACID ESTIMATION
Samples  were  a n a l y s e d  i n  d u p l i c a t e  (A and B ) 
i n  t h e  same b a t o n  o r  i n  two s e p a r a t e  b a t c h e s  
T o t a l  f a e c a l  b i l e  a c i d s  e x n r e s s e d  as  mg/24h 
a r e  p r e s e n t e d  h e r e .
C RAFTER 6 
ELEMENTAL DIET FEEDING IN RATS
AND TOTAL FAECAL 3ILE ACIDS
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INTRODUCTION
I t  has  b e e n  known f o r  many y e a r s  t h a t  d i e t a r y  
m a n i p u l a t i o n ,  e s p e c i a l l y  o f  t h e  f i b r e  c o n t e n t ,  i n f l u e n c e s  
b i l e  a c i d  e x c r e t i o n .  A n t o n i s  and B e r s o h n  i n  1962 showed 
t h a t  t h e  ty p e  o f  f a t  and  a l s o  t h e  f i b r e  c o n t e n t  o f  t h e  
d i e t  a l t e r e d  t h e  f a e c a l  b i l e  a c i d  e x c r e t i o n  o f  S ou th  
A f r i c a n  w h i t e  and B a n t u  p r i s o n e r s .  V o l u n t e e r s  l i v i n g  on 
a l o w - f a t  s o l i d  d i e t  were  found  t o  have a  r e d u c e d  f a e c a l  
c o n c e n t r a t i o n  o f  b o t h  b i l e  a c i d s  and n e u t r a l  s t e r o i d s  
( M i l l ,  197 1 ) .
The e f f e c t  o f  t h e  e l e m e n t a l  d i e t  Vivonex  on f a e c a l  
s t e r o i d  c o n c e n t r a t i o n  was s t u d i e d  i n  t c r e e  normal  v o l u n t e e r  
s u b j e c t s  by  C r o w th e r  e t  a l  ( l 9 7 3 ) and f a e c a l  b i l e  a c i d  
e x c r e t i o n  was fo u n d  t o  be r e d u c e d  t o  an even g r e a t e r  
e x t e n t  t h a n  by t h e  u s e  o f  l o w - f a t  s o l i d  d i e t s ,
E a r l y  e x p e r i m e n t s  i n  r a t s  i n d i c a t e d  r e d u c e d  b i l i a r y  
c h o l a t e  s e c r e t i o n  d u r i n g  s e m i - s y n t h e t i c  d i e t  f e e d i n g  i n  
b i l i a r y  f i s t u l a  r a t s  ( P o r t  nan e t  a l ,  1955)•  L a t e r  s t u d i e s  
u s i n g  140 l a b e l l e d  c h o l i c  a c i d  snowed a r e d u c t i o n  i n  t h e  
f a e c a l  e x c r e t i o n  o f  c h o l i c  a c i d ,  c a l c u l a t e d  i n d i r e c t l y  
from h a l f - l i f e  m - a s u r e m e n t s , v/nen s u c r o s e  and s t a r c h - b a s e d  
s e m i - s y n t h e t i c  d i e t s  were f e d  (Por tm an  and Murphy, 1953 ) ,  
Using  s i m i l a r  t e c h n i q u e s ,  G u s t a f s s o n  and  Norman a l s o  showed 
t h a t  a  s e m i - s y n t h e t i c  s t a r c h - b a s e d  d i e t  r e s u l t e d  i n  a. 
r e d u c e d  c a l c u l a t e d  f a e c a l  b i l e  a c i d  e x c r e t i o n  i n  r a t s  
( G u s t a f s s o n  and  Nornan,  1 9 o 9 a ) ,
The c o n p o s i t i o n  o f  t h e  " s e i i - s y n t h e t i c "  d i e t s  used  i n  
t h e s e  s t u d i e s  was v a r i a b l e  and th e y  wore n o t  a v a i l a b l e  f o r
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use  i n  humans . ^he I n t r o d u c t i o n  o f  com n e r c i a l  c h e ; i i o a l l y -  
d e f i n e d  d i e t s ,  sued  as Vivonex  and F l e x i o a l ,  f o r  t r e a t m e n t  
o f  p a t i e n t s  l e d  t o  t h e  i n v e s t i g a t i o n  o f  t h e i r  d i r e c t  
e f f e c t s  on f a e c a l  b i l e  a c i d  e x c r e t i o n .  Animal s t u d i e s  v;ere 
u n d e r t a k e n  i n i t i a l l y  t o  c h a r a c t e r i s e  t h e i r  e f f e c t s  o v e r  
a  p r o lo n g e d  p e r i o d  and as  a  r e s u l t  o f  t h e  d i f f i c u l t y  
e n c o u n t e r e d  i n  p e r s u a d i n g  normal v o l u n t e e r s  t o  consume t h e  
r a t n e r  u n p a l a t a b l e  d i e t s .
Aid Of' ddJJY
To i n v e s t i g a t e  t h e  e f f e c t s  o f  t h e  e l e m e n t a l  d i e t s  
Y ivonex  and f l e x i c a l  on r a t  g ro w th ,  f a e c a l  w e ig h t  and 
t o t a l  f a e c a l  b i l e  a c i d  e x c r e t i o n  d e t e rm in e d  by d i r e c t  
m easure  n e n t .
:i£]T-.Qd3
A p r e l i m i n a r y  g roup o f  r a t s  (Group l )  was f e d  Yivonex 
made up i n t o  a  j e l l y  w i t h  l Y  a g a r  ( a s  s u g g e s t e d  by Dr. A, 
F e r g u s o n )  and sho\;ed a marked r e d u c t i o n  i n  f a e c a l  w e ig h t  
and  t o t a l  f a e c a l  b i l e  a c i d s  compared w i t h  c o n t r o l  r a t s  
f e d  powdered- r a t  chow (Oxoid  41Y).  When f a e c a l  b i l e  a c i d  
e x c r e t i o n  was e x p r e s s e d  i n  te rm s  o f  d ry  w e ig h t  o f  f a e c e s ,  
t h e  r e d u c t i o n  i n  t h e  Yivonex f e d  group was s t a t i s t i c a l l y  
s i g n i f i c a n t  f o r  weeks 7 and  9 b u t  n o t  f o r  weeks 5 and 5 .
Yor t h e  second  e x p e r im e n t  i t  was d i s c o v e r e d ,  a f t e r  
t h r e e  w eeks ,  t h a t  f e e d i n g  Yivonex q,s a l i q u i d ,  with .out  
a g a r ,  was a c c e p t a b l e  t o  t h e  r a t s  and no more a g a r  was u sed .  
T h i s  s e e  :ied t o  have l i t t l e  e f f e c t  on t h e  b i l e  a c i d  e x c r e t i o n  
b u t  t h e  f u r t ' . e r  r e d u c t i o n  i n  f a e c a l  w e ig h t  neant  tho. t  
f a e c a l  b i l e  a c i d / g d r y  wt o f  f a e c e s  was i n c r e a s e d  i n  t h e  
Yivonex  f e i  ro . t s .
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The o r i g i n a l  p e r i o d  o f  f e e d i n g  Yivonex  was r e t a i n e d ,  
however ,  t o  a l l o w  t h e  r a t s  t o  a d j u s t  t o  t h e  d i e t  and f o r  
b i l e  e o i d  m e ta b o l i s m  t o  s t a b i l i s e ,
C o l l e c t i o n  o f  Faeces
Hats  were housed  i n d i v i d u a l l y  i n  cages  d e s i g n e d  to  
l i m i t  cop ropnagy  and a l lo w  c o l l e c t i o n  o f  f a e c e s  s e p a r a t e l y  
f rom u r i n e  ( f i w u r e  6 . 1 ) .  The b as e  o f  t h e  m e t a l  cege  was 
o f  wide m e s h ' 10 mm spac ing )  w i t h  a lov;eY(^5) mmjifine mesh 
t o  t r a p  t h e  f a e c a l  p e l l e t s .  V 'a ter  was s u p p l i e d  from a 
w a t e r  b o t t l e  and  food  from a  d i s h  i n  t h e  t u n n e l  a t  t h e  
r e a r  o f  t h e  c a g e .  The s i d e s  o f  t h e  t u n n e l  were a d j u s t e d  
su ch  t h a t  t h e  r a t s  c o u l d  o b t a i n  food  w i t h o u t  being a b l e  t o  
a c t u a l l y  e n t e r  t h e  t u n n e l .  Thus no f a e c a l  m a t t e r  was l o s t  
i n t o  t h e  f e e d i n g ‘d i s h .  Only one r a c k  c o n t a i n i n g  tw e lv e  
s u c h  c a g e s  was a v a i l a b l e  and so t h e  e x p e r i m e n t a l  g ro u p s  
were l i m i t e d  i n  s i z e .
F e e d i n a  t h e  e l e m e n t a l  d i e t s
C o n t r o l  r a t s  were f e d  powdered chow (Oxoid d i e t  41S) 
and Yivonex  'was f e d  made up i n  w a t e r  (one 30g p a c k e t  t o  
125  ml o f  w a t e r ) . I n  t h e  l a t e r  e x p e r im e n t s  F l e x i c a l  was 
d i l u t e d  s i m i l a r l y  ( ? 6 g  t o  12p ml w a t e r ) .  The C o m pos i t ion  
o f  t n e  d i e t s  i s  snown i n  T ab le  6 . 1 .
i i n c e  ühe a v a i l a b l i l i t y  o f  n u t r i e n t s  i n  t h e  c o n t r o l  
and  e l e m e n t a l  d i e t s  may be v e r y  d i f f e r e n t ,  c a l c u l a t i o n  o f  
e q u i v a l e n c e  as  a b a s i s  f o r  p a i r - f e e d i n g  co u ld  n o t  be 
d e r i v e d  and t a e  r a t s  were fed  a d - l i b i t u m .  Tody w e ig h t  g a i n  
was m o n i to r e d  as  an i n d i c a t i o n  o f  com parab le  g row th  f o r  
t h e  d i f f e r e n t  g r o a n s .
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Grouas  S t u d i e d
T h re e  g roups  (Groups  2 ,5  and 4 ) s  each  c o n t a i n i n g  
s i x  c o n t r o l  and s i x  Yivonex f e d  r a t s ,  w^ere s t u d i e d  a t  
d i f f e r e n t  t i n e s .  Body w e ig h t  was m o n i to red  on a weekly  
b a s i s  and  f a e c a l  c o l l e c t i o n s  f o r  b i l e  a c i d  a n a l y s i s  were 
made d u r i n g  weeks 5 , 5 , 7  and 9.  B i l e  a c i d  h a l f - l i f e  
and j e j u n a l  l i i s t o l o g y  were a l s o  examined on t h e s e  r a t s  
a s  r e p o r t e d  i n  l a t e r  c h a p t e r s .  F a e c a l  b i l e  a c i d  a n a l y s i s  
was p e r fo rm e d  as  o u t l i n e d  i n  t h e  p r e v i o u s  c h a p t e r ,
A f u r t h e r  g roup  o f  r a t s  (Group 5) was s t u d i e d  as 
above  e x c e p t  t h a t  t h e  e l e m e n t a l  d i e t  f l e x i c a l  w-as u s ed .  
U n l ik e  Yivonex t h i s  d i e t  c o n t a i n s  a s i g n i f i c a n t  amount 
o f  f a t .
S t a t i s t i c s
A l l  t h e  a n a l y s e s  were done u s i n g  a  n o n - p a r a m e t r i c  
r a n k i n g  t e s t  (v.’i l c o x o n ' s  Sum o f  ](anks T e s t ,  as  d e s c r i b e d  
by i a n g l e y ,  1963).  For  c o n v e n i e n c e  however,  mean v a l u e s  
v / i th  s t a n d a r d  e r r o r s  a r e  used  i n  some o f  t h e  t a b l e s  
f o r  s h o r t e r  d e s c r i p t i o n  o f  t h e  r e s u l t s .
The e f f e c t  o f  Yivonex f e e d i n g  on r a t  body w e ig h t  i s  
shown i n  T a b l e  6 . 2 ,  A f t e r  an^  I n i t i a l  l o s s  o f  w e ig h t ,  
o r  r e d u c t i o n  i n  w e i a h t  a:ain compared w i th  c o n t r o l s ,  t h e  
Yivonex  f e d  r a t s  g a i n e d  w e ig h t  s a t i s f a c t o r i l y .  I n  Group 
5 t h e  V iv o n s x - f e d  r a t s  were  s i g n i f i c a n t l y  h e a v i e r  t h a n  t h e  
c o n t r o l s  a t  weeks 9 and 10 and i n  Grouu 4 from week 5 
o n w a r l s . no i n i t i a l  l a g  was n o t e d  f o r  t h e  r a t s  f ed  
F l e x i c a l  ( T a b l e  6 , 5 ) .
A d r a m a t i c  r e d u c t i o n  in  f a e c a l  d ry  w e ig h t  was found
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d u r i n g  f e e d i n g  w i t h  b o t h  e l e m e n t a l  d i e t s  ( f a b l e  6 , 4 )*
The r e d u c t i o n  was s i m i l a r  i n  a l l  t h r e e  Yivonex g r o u p s ,  
and  t h u s  t h e  mean f o r  t h e  t h r e e  g roups  t o g e t h e r  i s  
p r e s e n t e d .  B o th  t h e  number and s i z e  o f  f a e c a l  p e l l e t s  
was r e d u c e d  d u r i n g  e l e m e n t a l  d i e t  f e e d i n g .
The e f f e c t  o f  Yivonex f e e d i n g  on t o t a l  f a e c a l  b i l e  
a c i d s  f o r  t h e  t h r e e  g ro u p s  i n d i v i d u a l l y  i s  shown i n  
T a b l e  6 , p.  T he re  was a s i g n i f i c a n t  r e d u c t i o n  i n  t o t a l  
f a e c a l  b i l e  a c i d s / lO O g  body w e ig h t /w e e k  i n  t h e  Yivonex fed  
r a t s  compared w i t h  t h e  c o n t r o l s  i n  eac h  o f  th e  t h r e e  
g ro u p s  f o r  each  week examined.  The c o n t r o l s  f o r  g roup  6 
were  s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  o f  g roups  2 and 4 
( p < 0 . 0 1  i n  ea c h  came) b u t  o n l y  g roup 2 and gD'oup 4 Yivone'  
f e d  v a l u e s  were s i g n i f i c a n t l y  d i f f e r e n t .
V/hen t h e  v a l u e s  f o r  t n e  t h r e e  g roups  a r e  combined 
( T a b l e  6 . 6 ) t o t a l  f a e c a l  b i l e  a c i d  e x c r e t i o n  f o r  t h e  13 
r a t s  f e d  Yivonex was s i g n i f i c a n t l y  l e s s  t h a n  f o r  t h e  13 
c o n t r o l s  f o r  t h e  t h r e e  weeks s t u d i e d  (?<C0 . 0 0 2 ) .  (îTo 
v a l u e s  a r e  a v a i l a b l e  f o r  g roup  5 , week 5 ) .
' S i m i l a r  r e s u l t s  were o b t a i n e d  f o r  t h e  r a t s  f e d  
F l e x i c a l  ( f a b l e  6 . 7 j ,  t h e  r e d u c t i o n  i n  f a e c a l  b i l e  a c i d  
e x c r e t i o n  b e i n g  s i g n i f i c a n t  a t  weeks 4 , 5 , 7  and 9 (n  ^ 0 . 0 1  
i n  each  c a s e ) .  S ince  t h e  c o n t r o l  v a l u e s  f o r  t h i s  groum 
a r e  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l s  i n  g ro u p s  2, 
5 and 4 no d i r e c t  c o m p a r i s o n  o f  t h e  e f f e c t s  o f  F l e x i c a l  
and Yivonex  can be  u a d e ,
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Normal g ro w th  o f  t h e  r a t s  d u r i n g  f e e d i n g  w i t h  t h e  
e l e m e n t a l  d i e t s  i n d i c a t e d  t h a t  t h e y  were consumed i n  
s u f f i c i e n t  q u a n t i t y  to  s a t i s f y  n u t r i t i o n a l  r e q u i r e m e n t s  
and c o n f i r m s  t n e  p r e v i o u s  r e s u l t s  o f  t h e  e f f e c t s  o f  a  
c o m p a ra b le  d i e t ^ d u r i n - r  p r e c l i n i c a l  s t u d i e s ,  o v e r  an  e i g h t  
week p e r i o d  i n  m a tu re  r a t s  (Cam pbel l  e t  a l ,  1975) .
The d r a m a t i c  r e d u c t i o n  i n  f a e c a l  w e ig h t  d u r i n g  
e l e m e n t a l  d i e t  f e e d i n g  w hich  was found  i s  p r o b a b l y  d i e  t o  
t h e  a b s e n c e  o f  f i b r e  i n  t h e  d i e t s ,  s i n c e  f e e d i n g  Yivonex  
p rem ixed  w i t h  m e thy l  c e l l u l o s e  was r e p o r t e d  t o  r e s t o r e  
f a e c a l  w e i g h t  t o  c o n t r o l  v a l u e s  (Devereux and B aker ,  1977) .
The .mrked  r e d u c t i o n  i n  t o t a l  f a e c a l  b i l e  a c i d s  
d u r i n g  Yivonex f e e d i n g  i n  r a t s  i s  i n  ag reem en t  w i t h  t h e  
r e p o r t e d  s t u d i e s  i n  t l i r e e  human v o l u n t e e r s  (C ro w th e r  e t  a l ,  
1 9 7 5 ) and  t h e  r e s u l t s  o b ta n n e d  d u r i n g  F l e x i c a l  f e e d i n g  
d e m o n s t r a t e s  t h a t  t h e  e f f e c t  o f  f i b r e  i s  more i m p o r t a n t  
i n  r a t s  t h a n  trie amount o f  d i e t a r y  f a t .  F l e x i c a l ,  wM ch 
s u p p l i e s  50 : o f  c a l o r i e s  as  f a t ,  p roduced  a  com parab le  
r e d u c t i o n  i n  f a e c a l  o i l s  a c i d s  t o  t h e  v i r t u a l l y  f a t  f r e e  
d i e t ,  Y ivonex ,  i n d i c a t i n g  t h a t  t h e  l o w - f i b r e  c o n t e n t  o f  
t h e  e l e m e n t a l  d i e t s  i s  v e r y  i m p o r t a n t  i n  r e l a t i o n  t o  b i l e  
a c i d  e x c r e t i o n .
T h i s  i s  i n  a g ree m en t  w i t h  e x o e r im e n t s  w i t h  s e m i - s y n t h e t i c  
d i e t s  i n  r a t s  where b i l e  s a l t  t u r n o v e r  and c a l c u l a t e d  
f a e c a l  b i l e  a c i d  e x c r e t i o n  was r e d u c e d  (Por tm an  e t  a l ,  1955) 
and a d d i n g  20 c e l l u l o s e  t o  t h e  d i e t  l a r  gely overcame t h i s  
e f f e c t  (Por tm an  and Murphy,  1953) .  S i m i l a r  e f f e c t s  o f  
a d d i n g  c e l l u l o s e  t o  s t a r c h - b a s e d  s e m i - s y n t h e t i c  d i e t s  i n
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g e r m - f r e e  r a t s  were a l s o  found  ( G u n t a f s s o n  and I 'orman,  
1 9 6 9 a ) .  A n o to n i s  and B ersobn  ( 1 9 6 2 ) d e m o n s t r a t e d  t h a t  
a d d i n g  15g o f  f i b r e  t o  a  l o w - f a t  d i e t  i n c r e a s e d  f a e c a l  
b i l e  a c i d  e x c r e t i o n  i n  man compared w i t h  4g o f  f i b r e .
The e f f e c t  o f  t h e  t y p e  and amount o f  f a t  i n  t h e  d i e t  
on f a e c a l  b i l e  a c i d s  i s  1 ^ ss  c l e a r ^ a n d  i n  man t h e  r e s p o n s e  
t o  d i f f e r e n t  amounts o f  f a t  may be i n f l u e n c e d  by t h e  f i b r e  
c o n t e n t  o f  t h e  d i e t  ( A n t o n i s  and 'Sersohn,  I 9 6 2 ) .
Low -fa t  S o l i d  d i e t s  have been  shown t o  r e d u c e  f a e c a l  
b i l e  a c i d  e x c r e t i o n  i n  man (JILII ,  1 9 7 1 ) b u t  i n  o t h e r  
s t u d i e s  d i e t s  c o n t a i n i n g  3g and 75 o r  lOOg o f  s a t u r a t e d  
f a t  p ro d u ced  v i r t u a l l y  i d e n t i c a l  f a e c a l  b i l e  a c i d  e x c r e t i o n  
(Gordon e t  a l ,  1 9 5 7 ) .
The r e s u l t s  o f  t h i s  s tu d y  d e m o n s t r a t e  t h a t  t h e  low-  
f i b r e  n a t u r e  o f  Yivonex  may be  more i m p o r t a n t  t h a n  i t s  
low f a t  c o n t e n t  i n  r e d u c i n g  f a e c a l  b i l e  a c i d  e x c r e t i o n  
i n  r a t s  s i n c e  a  com parab le  r e d u c t i o n  was found  w i t h  










Metal c a g e -  20cm cube-with mesh 
front and solid sides.
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" 1 '
C o n t r o l  D i e t  ( Oxoid 41S)
P r e p a r e d  f rom :  wholem eal  f l o u r  4 6 ^  w/w
S u s sex  ground  o a t s  4 0 y  
w h i t e  f i s h  meal 3 Y
S u p p lie s  :
Yivonex
F l e x i o a l
P l u s  v i t a m i n  and m i n e r a l  su p p lem en ts
Crude p r o t e i n  16*5/^
Crude f i b r e  5.1^^
E t h e r  e x t r a o t a b l e  
l i p i d  5.0';.:
N i t r o g e n  as  p u r e  amino a o i d s  1.24^w/w
F a t  ( p u r i f i e d  S a f f l o w e r  o i l )  0 . 5 4 / '
C a r b o h y d r a t e  a s  g l u c o s e  s o l i d s
( Y3\f a s  p e n t a s a c c h a r i d e s )  84.93Y,
(Recommended d a i l y  i n t a k e  = 6 x 80g p a c k e t s )
P r o t e i n  e n u i v a l e n t  9 . 9  YVw
( 7 0  " f r e e  a a ,  5 0 Y s m a l l  u e o t i d e s )
F a t  (20  .^"KCT, 50. : s o y - o i l )  ' 1 5 . OY
C a r b o h y d r a t e  6 7 . 8  '
( 6 5 . 5  " s u c r o s e
5 1 . 4 T: g l u c o s e  o l i g o s a c c h a r i d e s  
5 c i t r a t e ) ,
(Recommended d a i l y  i n t a k e  = 454ê’)
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1. Yivonex. Combined R e s u l t s  f o r  Grouus 235 and 4
Dry weigh t  of  f a e c e s  (g/week) 
C o n t r o l  (n -18)  Yivonex (n=18)
Yeek 5 56.9  5 .4 2.72 ± 0 .53
V/eek 5 44 .5  -  1 .2 1 .4 0  i  0.06
Vi'eek 7 57.1  i  3 .4 1.95 ~ 0,06
keek 9 57.1  -  5 .0 2.05 " 0 .11
C o n t r o l V Yivonex p <  0 .002  th roughou t
2 .__F l e x i c a l .__ Groun 5
Dry weigh t  o f  f a e c e s  (a /week)
C o n t r o l  ( n=6) F l e x i c a l  ( n - 6 )
w e ek 5 47 .5  i  1 .3 2.75 -  0 .07
V/eek 5 53,9  -  1.9 5.51  ” 0 .10
V/eek 7 50.9  -  1 .5 5.59  -  0 .10
Week 9 46 ,7  1' 0 .9 2.15  -  0,04
lo n t r o l  V F l e x i c a l ,  p < (0 ,0 1  th ro u g h o u t
TABLE 6 . 4
EFFECT OF EIG IEXIAL DIET FEEDING Oh RAT FAECAL WEIGItT 
(mean -  SFh)
Gro u p  2
C o n t r o l s  
(nr=6)
Yi v o n ex 
n=f
-rrou-Q p
C o n t r o l s
l lS T "
Y ivonex  
T n = 6 )
G r oiio 1
C o n t r o l s  
1,11=6}
Y iv o n e x  
( n=6 )
Total faecal bile acids (m g î100g body weight/week)
Week 5 Week 5 W e ek 7 V/eek 9
, 5 1 . 2 0  
:  5 .7 4
5 3 . 5 6
: 2 .3 7
, 1 5 . 5 7 *  10 . 29
i  5 . 35  1 . 3 3
, 4 5 . 9 9  
i  5 . 99
^ 1 5 . 9 4  
E 2 . 3 5
2 3 . 1 5  
t  5 . 2 3
4 . 1 5
0 . 5 8
22.  39
i  1 . 06
.  5 . 5 1  
1 0 . 4 9
^ 5 5 .5 8
i  1 . 27
^ 7 .24  
1 1 , 50
44 . 75  
-  5 . 07
H-12.681 .8 4
, 2 9 . 7 2
:  2 .87
. 5 . 54  
:  0 . 5 0
55 . 42
2 . 47
4 . 5 9
1 . 04
, 4 1 . 5 7  
-  2 .99
10 , 23  
: 2 .01
24 . 24  
1 1 . 54
5 . 04  
1 0 . 0 7
p <(0 . 0 5 . A i l  o t h e r  3 o n t r o l  v Yivonex  c o m p a r i s o n s ,  p < 0 . 0 1  
TA3::3 6 .5
EFFECT OF YIYOhEK Oh RAT FAECAL BILE ACID EXCRETION
( F e a n  t  SEE)
T o t a l  f a e c a l  b i l e  a c i d s  ( m g / l QOg b ody wei g h t /week)
V/eek 5 Week 7 V/eek 9
J o n t r o l  
.11=13)
3 5 . 1 1
v i v o n e x 1 1 . 2 2
1 1 .17 1 0 . 9 3
C o n t r o l  V V i v o n e x ,  0 . 0 0 2  i n  e a c h  c a s e
TABLE 6 .6
EFFECT OF ViVOFCi ON RAT FAECAL BILE ACID EXCRETION:
CO.IBILED RE3LLT3 FOR THE GROVH^ S 2,  3 AND 4 .  (Mean ± 3EM)
T o t a l  f a e c a l  
Week 4
b i l e  a c i d s (m-VlOOg body w e igh t /w eek )
Week 5 Week 7 Week 9
C o n t r o l 2 1 .3 8 , 5 2 .9 0  ' 25 .62 17 .44
"Tn=6-) • i  0 . 5 1 t  5 .1 3 -  1 .5 5 ~ 1 .25
F l e x i c a l , 4 . 5 7 , 5 .45 .  7 .5 3 . 5 .64
r  F' ' :  0 . 3 5 i  0 . 3 3 i  1 . 1 7 " 0 .44
C o n t r o l  V F l e x i c a l ,  p < (0 .0 1  i n  each  c a s e .  
TABLE 6 . 7
EFFECT OF FLFaICAL ON HAT FAECAL BILE ACID FXGRSTÎON
lean
CHAPTER 7
HA ; .GE3 IN THE CQ.TP03ITI0:: OF RAT FAECAL BILE ACIDS 
INDUCED BY ELEEE/TAL DIET FEEDING
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ILTriCDUCTIOL
T r a n s f o r m a t i o n  o f  b i l e  a c i d s  by m i c r o - o r g a n i s m s  o c c u r s  
o n ly  t o  a m in o r  e x t e n t  i n  t h e  r a t  s m a l l  i n t e s t i n e ,  e x t e n s i v e  
t r a n s f o r m a t i o n  by  m i c r o b i a l  enz^mies s t a r t i n g  i n  t h e  caecum 
and c o n t i n u i n g  i n  t h e  c o l o n  (Norman and S j o v a l l ,  135 8 ) .  
V a r io u s  Q u a n t i t i e s  o f  t h e  m e t a b o l i t e s  formed a r e  a b s o r b e d  
i n  t h e  caecum and c o l o n  and t r a n s p o r t e d  to  t h e  l i v e r  where
. It
t h e y  may be r e c o n j u g a t e d  and r e h y d r o x y l a t e d  ( B e rg s t ro m  e t  a l ,  
1360  ; Thoaas  e t  a.l,  I 9 6 4 ) .
The c o m p o s i t i o n  o f  f a e c a l  b i l e  a c i d s  depends  upon t h e  
n a t u r e  o f  t h e  m i c r o b i a l  p o p u l a t i o n  of  t n e  g u t ;  t h e  amount o f  
b i l e  a c i d  a b s o r p t i o n  i n  t h e  s n a i l  i n t e s t i n e ,  caecum and 
c o l o n ;  t h e  t r a n s i t  o r  c o n t a c t  t im e  and t h e  number o f  
e n t e r o h e p a t i o  c i r c u l a t i o n s  b e f o r e  f i n a l  e l i m i n a t i o n  i n  t h e  
f a e c e s .
P r o l o n g e d  r e t e n t i o n  o f  c a rm in e  m arke r  was d e m o n s t r a t e d  
i n  r a t s  f e d  s e m i - s y n t h e t i c  d i e t s  ( G u s t a f s s o n  and Norman, 
19o3a)  and  d i e t  has  b e e n  shown t o  a l t e r  t h e  c o m p o s i t i o n  o f  
g u t  m i c r o f l o r a  ( G a l l  e t  a l ,  1343) .
E l e m e n t a l  d i e t  f e e d i n g  i n  humans was r e p o r t e d  to  
d r a s t i c a l l y  r e d u c e  t h e  m i c r o b i a l  p o p u l a t i o n  o f  f a e c e s  ( V i n i t z  
e t  a l ,  1966  ; V.' initz e t  a l ,  1370) b u t  t h e s e  r e p o r t s  were  
n o t  c o n f i r m e d  i n  l a t e r  s t u d i e s  and t h e  t e c h n i o u e s  u sed  were 
q u e s t i o n e d ,  l h a n g e s  i n  t h e  c o m p o s i t i o n  o f  t h e  f a e c a l  f l o r a  
w ere  f o u n d , however ,  w i t h  a r e d u c t i o n  i n  e n t e r o o o c c i  gjid 
i n c r e a s e  i n  e n t e r o b a c t o r i a  ( A t t e b u r y  e t  a l ,  1372; I r o w t h e r  
e t  a l ,  13 75; Bounous and  Devroede ,  1374 ) .
y (
C ro w th e r  and c o - w o r k e r s  a l s o  r e n o r t e d  a r é d u c t i o n  i n  
t h e  d e g r a d a t i o n  o f  n e u t r a l  s t e r o l s  d u r i n g  Y ivonex f e e d i n g  
: u t  d i d  n o t  examine t h e  c o m p o s i t i o n  o f  t h e  a c i d  s t e r o l  
f r a c t i o n .  however ,  G u s t a f s s o n  and kor.aan ( l l o l a ) ,  found  
a  r e d u c t i o n  i n  t h e  p e r c e n t a g e  o f  monohydroxy-monoketo- 
c h o l a n o i c  a c i d s  i n  r a t s  f e d  a s e m i - s y n t h e t i c  s t a . r c h - b a s e d  
d i e t .
AIM OF STUDY
To i n v e s t i g a t e  t h e  i n f l u e n c e  o f  e l e m e n t a l  d i e t  f e e d i n g ,  
p a r t i c u l a r l y  Y ivonex ,  on t h e  c o m p o s i t i o n  o f  f a e c a l  b i l e  
a c i d s  i n  t h e  r a t ,  
ylEThOJo
F a e c a l  b i l e  a c i d s  were  d e t e r m in e d  as  o u t l i n e d  i n  
C h a p t e r  5.  A t o t a l  o f  13 c o n t r o l  and 13 r a t s  f e d  Yivonex  
w ere  s t u d i e d  i n  g roups  2, 3 and 4gU8 d e s c r i b e d  i n  t h e  
p r e v i o u s  c h a p t e r ^ t o g e t h e r  w i t h  6 C o n t r o l  and 6 F l e x i c a l  f ed  
r a t s  .
The a b s o l u t e  amount o f  i n d i v i d u a l  b i l e  a c i d s  was 
e x p r e s s e d  as  mg/lOOg body w e ig h t /w e e k  and t n e  p e r c e n t a g e  
c o m p o s i t i o n  o f  t h e  f a e c a l  b i l e  a c i d s  w^s c a l c u l , a t e d j f o r  each  
r a t p b y  d i v i d i n g  t h e  amount o f  a  g i v e n  b i l e  a c i d  e x c r e t e d  
by t h e  t o t a l  amount o f  b i l e  a c i d  e x c r e t e d  s,nd e x p r e s s i n g  
a s  a p e r e  en t  a ' e .
S t a t i s t i c a l  Ana l y s i s
D if f e r e n c e . ' b e tw e e n  c o n t r o l  and t r e a t e d  g roups  were 
a n a l y s e d  by n o n - o a r a m e t r i c  r a n k i n g  t e s t s  ( L a n g l e y ,  1 9 6 l )  
b u t  f o r  e a s e  o f  p r e s e n t a t i o n  o f  d a t a  mean v a l u e s  a r e  i n c l u d e d  
i n  t h e  t a b l e s .
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Abbrevint ionn  Used
LC -  b i t h o c h o l i e  a c i d  and any o t h e r  b i l e  a c i d s  e l u t i n g
i n  t h e  same peaJr. u n d e r  t h e  c o n d i t i o n s  emnloyed f o r
g a s - l i q u i d  c h r o m a to g r a p h i c  a n a l y s i s .
S i m i l a r l y  :
30 -  D e o x y c h o l i c  a c i d  and o t h e r  b i l e  a c i d s  i n o l u e d  i n
t n e  peak .
033 -  C h en o d e o x y c h o l i c  a c i d  p e a k  ( i n c l u d e s  u r s o d e o x y c h o l i c  
a c i d  i f  p r e s e n t ) .
EDO -  H yodeoxycho l i c  a c i d  peak .
G -  C h o l i c  a c i d  peak  w h ich  a l s o  i n c l u d e s  3 - n u r i c h o l a t e
and t h e  d ih ydroxym onoke to  d e r i v a t i v e s  (Y -k e to  and 
1 2 - k e t o )  and p r o b a b l y  o t h e r  t r i s u b s t i t u t e d  
c h o l a n i c  a c i d s .
RESULTS
The a b s o l u t e  amounts o f  t h e  f i v e  b i l e  a c i d s  ( o r  f i v e  
g ro u p s  o f  b i l e  a c i d s )  e x c r e t e d  by t h e  c o n t r o l  (n=13) and 
Vivonex  f e d  (n=13)  r a t s  a r e  shown i n  T a b le  7 . 1 .  The s m a l l  
amounts o f  c h e n o d e o x y c h o l i c  a c i d  e x c r e t e d  meant t h a t  i t  
was d e t e c t e d  i n  some r a t s  and n o t  o t h e r s .  E x c r e t i o n  o f  
LC, 30 and EDO was s i g n i f i c a n t l y  r ed u ce d  i n  t h e  Vivonex  
f e d  r a t s  f o r  t h e  t h r e e  weeks s t u d i e d  (p<( 0 .002  i n  each  c a s e ) ,  
b u t  t h e  a aowit o f  c h o l i c  a c i d  was no t  s i g n i f i c a n t l y  r e d u c e d .  
T h i s  i s  r e f l e c t e d  i n  t h e  r e l a t i v e  p r o p o r t i o n s  o f  
i n d i v i d u a l  b i l e  a c i d s  e x c r e t e d  ( T a b l e  1 , 2 )  and t h e  V 
c o n t r i b u t i o n  o f  t h e  0 peak  was i n  f a c t  i n c r e a s e d  i n  t h e  
Vivonex  f ed  r a t s .  The i n c r e a s e  i s  s i g n i f i c a n t  f o r  weeks 
5 and 9 ( p < ( 0 , 0 l ) .  The p r o p o r t i o n  o f  LO and 30 was marked ly  
re d u c e d  i n  t h e  r a t s  f e d  V ivonex  f o r  a l l  t h r e e  weeks 
(p <(0.002 i n  a l l  c a s e s )  and  t h e  p r o p o r t i o n  o f  EDO unchanged .
V /i tn in  g r o u p s ,  t h e r e  was wide v a r i a t i o n  be tween  r a t s  
( b o t h  C o n t r o l  and Vivonex  f e d )  i n  t h e  r e l a t i v e  amounts of  
::30 and C. F o u r  c o n t r o l  r a t s  i n  g roup 4 had 4 8 - 5 6 ; i  ?{D0 
and one c o n t r o l  r a t  i n  g roup  5 e x c r e t e d  hlYViDO. The 
c o n t r o l s  f o r  t h e  F l e x i c a l  g roup  were a l l  found t o  e x c r e t e  
a  h ig h  f  o f  w h ich  t o g e t h e r  w i t h  t h e  s m a l l  number o f
F l e x i c a l  f e d  r a t s  s t u d i e d ,  makes c o m p ar i s o n  o f  t h e  e f f e c t s  
o f  V ivonex  and F l e x i c a l  i n  r e l a t i o n  t o  t h e  e x c r e t i o n  o f  
iiDO and 0 m e a n i n g l e s s .
The r e s u l t s  f o r  F l e x i c a l  f e e d i n g  a r e  shown i n  T a b l e s
7 . 3  and  7.4*  T h e re  wa.s a  s i g n i f i c a n t  r e d u c t i o n  i n  th e  
amount o f  LO, 30 and 330 e x c r e t e d  i n  t h e  F l e x i c a l  f e d  
r a t s  and j t in  c o n t r a s t  t o  t h e  Vivonex f e d  g roup ,  t h e  amount 
o f  0 was a l s o  r e d u c e d  (p^^'O.Ol t h r o u g h o u t ) .  The s m a l l  
numbers and v a r i a b i l i t y  o f  r e s u l t s  make i n t e r n r e t a t i o n  o f  
t n e  Y c o m p o s i t i o n  r e s u l t s  d i f f i c u l t ,  e x c e p t  t h a t  t h e  Y 
o f  LO was p r o b a b l y  r e d u c e d  (p<( 0 .0 1  f o r  weeks 7 and 9 ) .  
3 I 3 0 U50ION 
The hf
' c h o l i c '  p e a k ,  and t h e  d i f f i c u l t y  i n  o b t a i n i n g  mure 
compounds o f  t h e  m u r i c h o l a t e  s e r i e s  has  l i m i t e d  t h e  scope  
o f  t h i s  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  e l e m e n t a l  d i e t  
f e e d i n g  on t h e  c o m p o s i t i o n  o f  f a e c a l  b i l e  a c i d s  i n  th e  r a t  
A r e c e n t  r e p o r t  (Madsen e t  a l ,  1976 s u g g e s t s  t h a t  
h y o l e o x y c h o l i c  and  w - m u r i c h o l i c  a c i d  (Madsen e t  a l ,  1075) 
c o m p r i s e  p O y o f  t h e ' f a e c a l  b i l e  a c i d s  e x c r e t e d  by t h e  
c o n v e n t i o n a l  r a t .  L’o w - n u r i c h o l a t e  was a v a i l a b l e  and so 
i t s  b e h a v i o u r  i n  t h e  GLO sys tem  used  i s  n o t  known, b u t  i t
i s  p r o b a b l y  i n c l u d e d  i n  t h e  c h o l i c  peak  a l o n g  v / i th  
^ - m u r i c h o l a t e ,  0 and KDO d id  ac c o u n t  f o r  5 0 Y o f  t o t a l  
f a e c a l  b i l e  a c i d s  f o r  t h e  c o n t r o l s  i n  t h i s  s t u d y .
I n  if\e  r a t  hyodeoxyohola . t e  and t h e  m u r i c h o l a t e  s e r i e s  
a r i s e  by a  c o m b i n a t i o n  o f  b a c t e r i a l  a c t i o n  i n  t h e  g u t  and 
6 p  h y d r o x y l a t i o n  i n  t ' l e  l i v e r  ( E i / i a r s s o n / .  1966; 
k i t r o p o u l o u s  and i i y a n t ,  196?» Madsen e t  a l ,  1975)*
D eo x y c h o l i c  and l i t h o c h o l i c  a c i d  c an  a l s o  be  r e h y d r o x y l a t e d  a t
II
t h e  7 ^ f 03 i t i o n  i n  t h e  r a t  l i v e r  (B e rg s t ro m  e t  a l ,  I960 ;  
Thomas e t  a l ,  1964) so  t h e r e  i s  no s im p le  r e l a t i o n s h i p  
o f  p r i m a r y  ( s y n t h e s i s e d  i n  l i v e r )  t o  s e c o n d a ry  ( p r o d u c t s  
o f  b a c t e r i a l  a c t i o n  on p r i m a r y )  b i l e  a c i d s  i n  t h e  r a t .
The LO and 30 p e a k s ,  i n c l u d i n g  mono a,nd d i - s u b s t i t u t e d  
b i l e  a c i d s ,  do however r e p r e s e n t  b a c t e r i a l l y  d e g ra d e d  b i l e  
a c i d s  v/hich i n d i c a t e s  t h a t  V ivonex  f e e d i n g  r e d u c e s  n o t  
o n ly  t h e  amount b u t  a l s o  t h e  p r o p o r t i o n  o f  b a c t e r i a l l y  
d e g ra d e d  b i l e  a c i d s  i n  r a t  f a e c e s .  A l though  t h e  r e l a t i v e  
c o n t r i b u t i o n s  o f  c h o l i c , ^ - m u r i c h o l a t e  and o t h e r  b i l e  a d d s  
t o  t h e  0 peak  i s  n o t  known, and t h e  p r o p o r t i o n s  may change  
d u r i n g  e l e m e n t a l  d i e t  f e e d i n g ,  t h e s e  a l l  r e p r e s e n t  l e s s  
d e g ra d e d  p r o d u c t s  o f  c h o l i c  a c i d ,  t h e  main p r im a r y  b i l e  
a c i d  i n  t h e  r a t  ( D a n i e l s o n ,  I 9 6 5 ) ,  I t  t h e r e f o r e  a p p e a r s  
t h a t  b a c t e r i a l  m o d i f i c a t i o n  o f  f a e c a l  b i l e  a c i d s  i s  
r a d i o e d  i  i r i n g  Vivonex f e e d i n g  s i n c e  b o t h  t h e  p r o p o r t i o n  o f  
t r i s u b s t i t u t e d  b i l e  a c i d s  i s  i n c r e a s e d  and t h e  p r o p o r t i o n s  
o f  LJ and 39 a r e  r e d u c e d .
O v e r a l l  t r a n s i t  t im e  o f  l a b e l l e d  sodium b ic h ro m a te  
rac rker  i s  i n c r e a s e d  i n  r a t s  f e d  Vivonex,  (D evereux  and 
B a k e r ,  1 9 7 7 ) ,  b u t  w h e t h e r  t h i s  r e s u l t s  from p r o lo n g e d  t r a n s i t
t i m e  t h r o u g h o u t  t h e  GÏ t r a c t  o r  s e l e c t i v e l y  s m a l l  o r  
l a r g e  bowel i s  unknown. I t  i s  p o s s i b l e  t h a t  l e s s  b i l e  
a c i d  r e a c h e s  t h e  caecum and c o l o n  f o r  b a c t e r i a l  m o d i f i c a t i o n  
a s  a  r e s u l t  o f  more e f f i c i e n t  a b s o r p t i o n  i n  t h e  i l eu m ,  b u t  
t n e  r e d u c e d  p r o p o r t i o n  o f  LC and DC s u g g e s t s  t h a t  e i t h e r  
t h e  o v e r a l l  number o f  m i c r o - o r g a n i s m s  i s  r e d u c e d  o r  t h e i r  
c o m p o s i t i o n  i s  a l t e r e d  d u r i n g  V ivonex f e e d i n g .
F a e c a l  b i l e  a c i d  e x c r e t i o n  d u r i n g  Yivonex f e e d i n g  i s  
a n a l o g o u s  t o  t h a t  o f  germ f r e e  r a t s  ( K e l lo g g  and  Wostmann, 
1 9 6 9 ; Madsen e t  a l ,  1976)  i n  t h a t  t o t a l  e x c r e t i o n  i s  
r e d u c e d  and t h e  p r o p o r t i o n  o f  l i t h o c h o l a t e  and d e o x y c h o l a to  
d e c r e a s e d .  C h o la t e  and p - c i u r i c h o l a t e  were r e p o r t e d  t o  
c o m p r i s e  9 6 o f  t h e  f a e c a l  b i l e  a d i d s  i n  g e r m - f r e e  r a t s  
(Madsen e t  a l ,  1976) wii ich i s  c o n s i s t e n t  w i t h  t h e  i n c r e a s e d  
p r o p o r t i o n  o f  t h e  C peak  i n  t h e  ra. ts  f e d  V ivonex ,
The r e s u l t s  f o r  F l e x i c a l  f e e d i n g  c a n n o t  be  coninared 
w i t h  t h o s e  f o r  V ivonex  s i n c e  t n e  c o n t r o l s  f o r  t h e  two 
g ro u p s  a r e  d i f f e r e n t  and  t h e  numbers i n  t h e  F l e x i c a l  group 
a r e  s m a l l .  however,  t h e  p r o p o r t i o n  o f  l i t h o c h o l a t e  was 
a p p a r e n t l y  r e d u c e d  d u r i n g  F l e x i c a l  f e e d i n g .
B i l e  ac icI e x c r e t e d ,  n r / lO O a  bodv w e ig h t /w e e k  
(Wean :  SEM)
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c c o n t r o l  (n=13)  V î= v i v o n e x - f e d  (n=13)
(3D3) -  JD3 d e t e c t e d  i n  a  few r a t s  o n ly .  P r e s e n t  i n  s ' l a l l  
amounts a t  l i m i t  o f  d e t e c t i o n ,
* C o n t r o l  V  Vivonex  s i g n i f i c a n t l y  d i f f e r e n t ,  p<[ 0 ,0 0 2  
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. 5 0 .0 7
± 1 . 6 2
4 .1 2
±1 . 2 7
^28 .95  
± 2 .45
, 2 5 . 7 9  
± 5 . 0 2
V 5 .4 0  ** 
±1 . 1 0
1 5 , 0 5 * *
± 1 .33
0 . 6 5
±0 .58
26.5573 
± 6 . 5 8




9 ^ 1 5 .5 5  
± 0 .71
. 5 0 ,7 4  
I  1 . 6 2
.1 .57
±0 .87
, 5 5 . 5 2
± 2 .05
13 .34  
± 2.59
V 1 . 5 0 -Hr 
±0 . 6 1




. 3 5 . i 6 i:s
± 3 .51
54.59N3
± 9 . 1 9
Week 9 , 1 2 . 5 5  
W 1 .1 3
,52 .09  
:  1 . 3 3
0 5 6 . 2 0  
± 2 .74
1 3 . 1 6  
± 1 .97
Y 1 . 0 9 * *
± 0 .50
, 7 . 7 4 * *
± 1 .5 2
5.91
±1 .35
5 2 . 051:0
± 7 . 1 3
5 5 . 2 7 * 
± 7 . 6 0
3 =: c o n t r o l  (n=13)  7 = Vivonex f e d  (n=13)
C o n t r o l  V Vivonex  s i g n i f i c a n t l y  d i f f e r e n t  * n < ^ 0 . 0 1
0 . 0 0 2
K3 = n o t  s i g n i f i c a n t
L L _2
VIV 017X 30: Or: ;c .L ? o sx ? io i: o ?  RAT r a s c a l
3IL E  A 3I3 ] 0:12.1130 R3.3ULTS 70-" GROUPS 2 . 3 ATT) A
f i l e  a c i d  e x c r e t e d . rne:/l00."c body v'eifçbt/w eebfiîeaniSGM)
h i h i GDI llbG. C
l e e k  C 1 . 3 3 3 .9 2 , 2 .3 3 9 .6 5 ,3 .70
A » 0 .1 7 I'O. 26 i o . 5 0 i 'o .  51 i'o. 36
P 0 . 3 0 * 1 . 1 5 * 0 .3 5 1 .29  * 1 . 2 7 *
- 0 . 0 3 i'o. 11 i o . i o 10 .30 i'o. 52
.v'eek C 1 .3 3 4 . 5 2 1 2 . 1 0 5 .66
1 -0 . 2 1 ' i o .2 7 i  1 .4 4 ±1 .46
F 0 . 1 3 * 1 . 2 9 * 4 . 7 1 * 1 . 3 3 *
i'o. 04 i'o .1 3 11 .2 4 1 0 . 2 1
Week 3 1 . 2 3 , 5 .2 4 3 .84 2 .03
1 1 0 .1 3 io ;2 2 io .9 4 ±0.36
F 0 , 1 5 * 1 . 1 7 * 3 . 9 9 * 0 . 4 3 *
l o . 0 3 i o . 09 i ‘0 . 4 0 10.09
J = c o n t r o l  (n=6)  P = F l e x i c a l  f e l  ( n - 6 )  
* p < ^ 0 , 0 1  f o r  c o n t r o l  v F l e x i c a l
1A5LF 7 . 5  
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2 I n J  A ' i J o  11 F n l  l A l .
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f' o f t o t a l  f a e c a l  b i l e  a.c i d s  (F e a n  1
--------------------- 1
SEM)
LG 1 2 GOG HDG
v/eek
i
V ,3 .7 6
±0 .69
1 3 .3 7
± 1 . 1 5
1 0 . 4 9  
± 2 . 2 9
^4 5 . 2 1  
± 2 . 3 5
7 .1 3  
±3.-76 ■
? 6 .3 6  
±0 .91
, 2 6 . 7 9 * 
± 2 .5 8
7 . 3 7
± 2 .0 2
2 9 . 7 9
± 6 . 1 9
2 3 .58
± 5 . 6 5
V.' e ek 
1 ^ '
5 . 9 2
± 1 .34
19 .3 1  
1 0 . 3 3
5 1 . 3 6  
± 5 .2 2
, 2 3 . 4 1  
± 5 . 3 0
F 1 . 4 2 *
± 0 .45
13 .04  
± 2 . 1 6
^ 3 . 0 3
± 3 . 03
,5 3 .9 4  
± 9.94
2 1 . 6 2  




“ 0 . 4 6
^ 3 0 . 5 9
i  1 . 3 9
, 5 0 . 2 8  
± 2 .47
11.30 
± 1 .8 2
j 2 . 5 8 *
±0 , 2 4
2 1 . 0 2 * 
-  1 . 6 5
6 3 . 6 9  * 
± 2 . 5 7
7 . 7 3
1 1 . 7 3
G "  c o n t r o l  (n=6)  F = F i e v î c a l  f e d  ( n - 6 )  
* P ' \  0 .0 1  f o r  c o n t r o l  v F l e x i c a l .
TABLF 7 . 4
lY e-T ; i lAL F J - J I I G  Oil TIE GO=POGI?ION
OF Bind A l l I d .
TiîS E P P J J I  OP VIV0P3X A:TO ?L E ( I1 A P  ON
B IL P  A3ÏD ZINNTI03 IN  T3N M T
I NPROD jl T l ON
Tlie r e d u c e d  f a e c a l  b i l e  a c i d  e x c r e t i o n  o b s e rv ed  i n  t h e  
r a t s  f e d  e l e n e r i t e l  d i e t s  c o u l d  r e s u l t  f r o n  e i t h e r  a  r educe d  
body p o o l  o f  b i l e  a c i d s  o r  r e d u c e d  t u r n o v e r  o f  a n o r e a l  o r  
even  i n c r e a s e d  p o o l .I C h o l a t e  h a l f - l i f e  vas  r e r o u t e d  t o  be 
i n c r e a s e d  i n  r a t s  f e d  s t a r c h  and s u ^ a r  b a s e d  s e : n i - s y n t h e t i c  
d i e t s  ( p o r t u a n  and ,'Iurphy 1153; P o r t n a n  I I 6O; G u s ta . f f son  
and ho m a n ,  I I 69 a)  b u t  t h e  r e c o r d e d  e f f e c t s  on c h o l a t e  
poo l  s i z e  a r e  c o n f l i c t i n p ; .  O th e r  s t u i i e s  i n  b i l i a . r y  f i s t u l a  
r a t s  s u g g e s t e d  t h a t  s u g a r  b a s e d  d i e t s  i n h i b i t  t h e  s y n t h e s i s  
o f  b i l e  a c i d s  f rom c h o l e s t e r o l ,  t h u s  r e d u c i n g  t h e  c h o l a t e  
p o o l  (P or tm an  e t  a l ,  1 9 5 5 î I c e  and her rmann ,  I 9 6 5 ) .
AIM OP SdUDY
To i n v e s t i g a t e  t h e  e f f e c t s  o f  Vivonex  and P l e x i c a l  on
14-t h e  b i o l o g i c a l  h a l f  l i f e  o f  3 l a b e l l e d  c h o l i c  a c i d  and on 
t o t a l  l i v e r  c h o l e s t e r o l  l e v e l s  i n  r a t s ,  and a l s o  on t h e  
e s t i m a t e d  b i l e  a c i d  p o o l  s i z e .
MMdHOdo
G rouns S t u d i e d
d h o l i c  a c i d  h a l f  l i f e  was measured  i n  t h e  r a t s  from 
Groups  5 and 4 (V ivonex  s t u d i e s )  and Group 5 ( P l e x i c a l )  
a f t e r  t v o  months .  The r a t s  were  t h e n  s a c r i f i c e d  and l i v e r  
c h o l e s t e r o l  measured .
Measurement o f  Pcol i c  Acid -h. lf  L i f e
T h i s  was p e r  forme I a c c o r d i n g  t o  t h e  method of  
L i n d s t e i t  and Mornan ( l l p o )  us d e s c r i b e d  by S t r a n d  ( l ? 6 5 )  
and G u s t a f s s o n  and ho m a n  ( 196 9 a ) .
On day 1 o f  t h e  ex-^er im ent , 4*5|i-^i o f  c h o l i c  a c i d  
( i t a d i o c n e u i c a l  C e n t r e ,  Amersharn) was i n j e c t e d  i n t r a p e r i t o n e a l l y  
i n t o  eac h  r a t  and d a i l y  f a e c a l  c o l l e c t i o n s  were  t h e n  made
f o r  n i n e  d a y s .  U r ine  c o l l e c t i o n s  were a l s o  checked  f o r  
r a d i o a c t i v i t y  and found t o  c o n t a i n  n e g l i g i b l e  amounts as 
e x p e c t e d  ( G u s t a f s s o n  and Norman, l } 6 9 a ;  be b a r  e t  a.1, I 9 6 9 ) .  
Tne d a i l y  e x c r e t i o n  o f  i s o t o p e  was d e t e r m in e d  u s i n g  a, sample  
o x i d i s e r  as  o u t l i n e d  below and t h e  h a l f  l i f e  o f  c h o l i c  a c i d  
was c a l c u l a t e d  from t h e  p l o t  o f  - l o g e  ( l - b t / U m a x )  a g a i n s t  
t i m e .
vVfiere = c u m u l a t i v e  amount o f  i s o t o p e  e x c r e t e d
t o  t im e  t
and = a d m i n i s t e r e d  amount o f  i s o t o p e .
The b e s t - f i t  s t r a i g h t  l i n e  was d e t e rm in e d  by t h e  method 
o f  l e a s t  S o n a r es and t h e  i n t e r c e p t ,  s l o p e  and c o r r e l a t i o n  
c o e f f i c i e n t  d e t e r m in e d  u s i n g  a programmable c a l c u l a t o r  and 
l i n e a r  r e g r e s s i o n  programme (Wang 6OO s e r i e s  G e n e r a l  Program 
L i b r a r y ,  Wang L a b o r a t o r i e s  I n c . ) .
The b i o l o g i c a l  h a l f  l i f e  o f  c h o l i c  a c i d ,  which i s  t h e  
t i m e  t a k e n  f o r  h a l f  o f  t h e  a d m i n i s t e r e d  dose  to  be e x c r e t e d ,  
was c a l c u l a t e d  from t h e  s l o p e  o f  t h e  s e a i - l o g a r i t h m i o  p l o t .
t ^  = where 0 , 6  95 = lo g *  2
k ®
and k = s l o p e  o f  l i n e
(d eca y  c o n s t a n t )
E s t i m a t i o n  o f  b i l e  Acid Poo l  S iz e
An e s t i m a t e  o f  b i l e  a c i d  poo l  s i z e  (mg/lOOg body w e ig h t )  
was o b t a i n e d  from t h e  t o r a l  f r - e c a l  b i l e  a c i d  e x c r e t i o n  
d u r i n g  week 9 o f  t h e  s tu d y  ( s e e  C h a p t e r  6 ) ^ e x n r e s s e d  as  
mg/lOOg body w t /d a y p s n d  t e e  c n o l i c  a c i d  h a l f  l i f e  ( d a y s )  
u s i n g  t n e  r e l a t i o n s h i p :
b i l e  a c i d  e x c r e t i o n  = x p o o l  s i z e
t-J
D a i l y  f a e c a l  w e ig h t  f o r  t h e  r a t s  f e d  t h e  e l e m e n t a l
was t o o  s m a l l  t o  a l l o w  l e t e r u i n a t i o n  o f  mass and r a d i o -  
a c t i v i t y  on t h e  one c o l l e c t i o n  and so t h e  week 9 va. lues 
f o r  f a e c a l  b i l e  a c i d  e x c r e t i o n  were  u s e d .  T h i s  n o o l  s i z e  
e s t i m a t e  makes t h e  a s s u m p t io n  t n a t  c h o l i c  a c i d  t u r n o v e r  i s  
o f  t h e  same o r d e r  o f  m a gn i tude  as t h a t  o f  c h e n o d e o x y c h o l a t e « 
a s  iias been  d e m o n s t r a t e d  f o r  c o n v e n t i o n a l  r a t s  f ed  
com m erc ia l  r a t  d i e t s  ( l i n d s t e d t  and hormaii, 1956)^ b u t  may 
n o t  be t r u e  d u r i n g  e l e m e n t a l  d i e t  f e e d i n g ,
'l/i .
D e t e r m i n a t i o n  o f  I s o t o n e  ( ■3) i n  Mat Eaeces  Using  a
dampl e  O x i d i s e r
( a )  P r i n c i p l e  o f  o p e r a t i o n .
An IN 4101 a u t o m a t i c  sample o x i d a t i o n  u n i t  f o r  l i o u i d  
s c i n t i l l a t i o n  c o u n t i n g  ( I n t e n t e c l m i que L td )  was u s e d ,
l a b e l l e d  samples  a.re n r e u a r e d  f o r  l i o u i d  s c i n t i l l a t i o n  
c o u n t i n g  by c a t a l y s e d  c o m b u s t io n  t o  i n  oxygen a t
700*^0, The i s  a b s o rb e d  and e l u t e d  i n  s c i n t i l l a n t
r e a d y  f o r  s c i n t i l l a t i o n  c o u n t i n g .
S c i n t i l l a n t  c o m p o s i t i o n : p h e n y 1 e t  hyla mine 530 ml
M ethanol 220 ml
T o luene 400 ml
- D i s t i l l e d  H^O 50 ml
Buty l -P3D 7 ?
Sample P r e p a r a t i o n .
D a i l y  f a e c a l  samples from Vivonex o r  P l e x i c a l fed
r a t s  were t r a n s f e r r e d  to com b u s t io n  c a p s u l e s f o r  t}me I
a f t e r  d r y i n g  o v e r n i g h t .  I n  most  c a s e s  t ^ e  d r i e d  f a e c a l  
w e i g o t  was l e s s  t h a n  O.pg  and t h e  e n t i r e  sample  c o u l d  be 
com busted  in  one c a n s u l e .  L a r g e r  samples  were t r a n s f e r r e d  
t o  two c a u s a l e s .
D a i l y  f a e c a l  s am ples  fro.n t h e  c o n t r o l  r a t s  were  d r i e d ,  
weighed '  and powdered i n  p e s t l e  and m o r t a r .  A p p ro x im a te ly  
0 . 5  G was t e e n  a c c u r a t e l y  weighed  i n t o  an III 4191 c a n s u l c .
( c )  L i q u i d  S c i n t i l l a t i o n  S o u n t in y .
T h i s  was pe r fo rm e d  u s i n g  a P a c k a rd  T r i - c a . r h  l i a u i d  o c i n t i l l a t i o ;  
c o u n t e r  e c u i p o e d  w i t h  a u t o m a t i c  e x t e r n a l  s t a n d a r d i s a t i o n ,
Quench c u r v e s  were p r e p a r e d  u s i n g  i n t e r n a l  s t a n d a r d s  i n  a 
number o f  o x i d i s e r  sp.miples from eac h  day’ s b a t c h  and 
c o r r e l a t i n g  w i t h  t h e  e x t e r n a l  s t a n d a r d  r a t i o .  C o u n t in g  
e f f i c i e n c y  was 4 0 -6 0 y .
( d )  O x i d i s e r  P e r f o r m a n c e ,
The r e c o v e r y  o f  from l a b e l l e d  c h o l i c  a c i d  was
c h e c k e d  by com par ing  o x i d i s e d  s t a n d a r d s  w i t h  s t a n d a r d s  
t r a n s f e r r e d  d i r e c t l y  t o  s c i n t i l l a t i o n  v i a l s ,  which  were t h e n  
u sed  f o r  a  b l a n k  ru n  o f  t h e  o x i d i s e r .  Recovery  was always 
g r e a t e r  t h a n  9py,
Memory e f f e c t s  were  c hec ked  by b u r n in g  a b l a n k  c a n s u l e  
i m n e d i a t e l y  a f t e r  a  r a d i o a c t i v e  s t a n d a r d .  Memory was found  
t o  be l e s s  t n a n  0 . ? " ^  To a v o i d  c o n t a m i n a t i o n  o f  low 
a c t i v i t y  s a ; u d e 3  ( c o n t r o l  s a i n l e s ,  e s p e c i a l l y  o f  t h e  L i t e r  
d a y s )  from h i g h  a c t i v i t y  samples  ( e l e m e n t a l  d i e t  s am p les )  
a wash c y c l e  was a lways  im plem ented  be tween t h e  d i f f e r e n t  
t yp es  o f  s a m p l e s .
Measurement o f  T o t a l  l i v e r  In o l e s t e r o l
T o t a l  l i v e r  c h o l e s t e r o l  was l e a s u r e i  u s i n g  a m o d i f i e d  
L i e b e r  : îan-ôurc ' "ard  c o l o u r  r e a g e n t  ( A b e l l  e t  a l ,  19p 2 ) ,  and 
b a s e d  on t h e  measurement o f  l i v e r  c h o l e s t e r o l  d e s c r i b e d  by 
her r :aann , ,1957) '
D u p l i c a t e  a l i q u o t s  ( l . l b g )  o^ f r o z e n  l i v o r  were weighed 
i n t o  t u b e s  a n i  homogenised i n  w a t e r  ( 0 . 5  ml) w i t h  a hand 
o p e r a t e d  t e f l o n  p e s t l e .  The homogenate was t r a n s f e r r e d  t o  
a s t o p p e r e d  20n l  tu b e  w i t h  p ml f r e s h l y  p r e p a r e d  a l c o h o l i c  
p o t a s s i u m  h y d ro x id e  (6ml o f  53'7 aqueous KOd T 94ml a b s o l u t e  
e t h a n o l ) .  The t u b e s  were mixed w e l l  and i n c u b a t e d  i n  a 
w a t e r  b a t h  a t  37~49^3 f o r  55 l i n u t e s .  A f t e r  c o o l i n g  t o  
room t e m p e r a t u r e ,  20ml o f  n - l i exane  was added and mixed w e l l ,
5ml o f  w a t e r  \ ' e r e  t h e n  added and t h e  t u b e s  shaken  v i g o r o u s l y  
f o r  one m in u te .  When t h e  p h a s e s  had s e p a r a t e d  two a l i q u o t s  
o f  t n e  u p p e r  o r g a n i c  n h a s e ,  u s u a l l y  3ml and 5ml, were 
t r a n s f e r r e d  t o  10ml s t o n p e r e d  t u b e s  and t h e  s o l v e n t  e v a p o r a t e d  
im der  n i t r o 'T e n .
D . i p l i c a t e  5ml sam ples  o f  c h o l e s t e r o l  s t a n d a r d  s o l u t i o n  
( 0 , 5 3  mg/ml i n  a b s o l u t e  e t h a n o l ;  u r e n a r e d  by d i l u t i n g  s t o c k
5 . 3  mg/ T i l  c h o l e s t e r o l  s t a n d a r d  from B.O.i t,  L t d . )  were mixed 
w i t h  0 . 3  ül o f  3 5 /  xOri, i n c u b a t e d  and e x t r a c t e d  w i t h  t h e  
s a c p l e s ,  and a l i q u o t s  o f  t h e  hexane l a y e r  ( l ,  2 and 3 ml) 
e v a p o r a t e d  as  f o r  t h e  s a m o le s .  The m o d i f ied  L iebe rm an-  
B u r c h a r d  c o l o u r  r e a g e n t  was n r e p a r e i  as  f o l l o w s ;
20vo l  o f  a c e t i c  a n h y d r i d e  were c h i l l e d  t o  l e s s  t h a n  
10^0 and I v o l  o f  cono ^^30^ added .  The w e l l - s h a k e n  
m i x tu r e  was k e p t  c o l d  f o r  9 min,  t h e n  lOvol o f  
g l a c i a l  c c e t i c  a c i d  were added . a n d  t h e  m ix tu r e  
warmed t o  room t e m p e r a t u r e .  The r e a g e n t  was used  
w i t  ini n one h o u r  o f  p r e o a r a t i o n .
A l l  sample  and s t a - d a - ’d t u b e s  p l u s  b l a n k  t u b e s  were uLaced 
i n  a 25^3 w a t e r  b a t h  and 6 n l  o f  t h e  c o l o u r  r e a g e n t  added  t o  
e ac h  a t  t im ed  i n t e r v a l s  (50  s e c s )  w i t h  v ig o r o u s  s h a k i n g .
67
A f t e r  e x a c t l y  pO :iin, t h e  c o l o u r  development was r e a d  a t  
620nm ( G i l f o r d  ÿOON s p e c t r o p h o t o m e t e r ) .  l a r e  was t a k e n  t o  
p r o t e c t  t h e  s a : i p l e s  from i n t e n s e  l i g h t  d u r i n g  c o l o u r  
d e v e l o p m e n t .
T o t a l  l i v e r  c h o l e s t e r o l  was e x p r e s s e d  as mg/lOOg wet 
w e i g h t  o f  l i v e r .
S t a t i s t i c s
The s i g n i f i c a n c e  o f  d i f f e r e n c e s  be tween g ro u p s  o f  c o n t r o l  
and e l e m e n t a l  d i e t  f e d  r a t s  was a n a l y s e d  u s i n g  ' . / i l c o x o n ’s 
sum o f  r a n k s  t e s t  ( L a n g l e y ,  1 9 6d ) ,
RESULTS
A l i n e a r  r e l a t i o n s h i p  between  lo g ^  ( l - U t / U  max) and t ime 
wa,s found  f o r  t h e  e x c r e t i o n  o f  ^^0 l a b e l l e d  c h o l i c  a c i d  i n  
a l l  t h e  r a t s  s t u d i e d .  The c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  
r e g r e s s i o n  a n a l y s i s  a r e  shown i n  T a b l e  3 , 1 ,  and were a l l  
h i g h l y  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p <4 0 , 0 0 2  i n  a l l  c a s e s )  
( C o l t o n ,  1 9 7 4 ) .
The h a l f - l i f e  o f  c h o l i c  a c i d  d e t e r a i n e d  from t h e  s l o p e  
o f  t h e  s e m i - l o c - r i t . ' . m i c  p l o t s  (T a b l e  3 .2 )  was found  t o  be 
s i g n i f i c a n t l y  i n c r e a s e d  from 2 , p l 3  A 0 .2 2 7  days  i n  t h e  c o n t r a t s  
(n = 1 2 ;  t o  9 . 9 1 3  f  0 .355  i n  t h e  r a t s  f e d  Vivonex (n = 1 2 ) ;  
p<4 0 . 0 0 2 .  T o r  t h e  r a t s  f e d  T l e x i c a l  (n~-6 ) c h o l i c  a c i d  
h h l f - l i f e  was 6 , 1 5 1  1 0 , 5 5 1  days  wnich  was s i g n i f i c a n t l y  
g r e a t e r  t h a n  1 ,5 7 2  -  0 .039  days  f o r  t h e  c o n t r o l s  ( n ~ 6 ) ,
p <  0 . 0 1 .
T’n e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  c h o l i c  a c i d  h a l f -  
l i f e  be tw een  t h e  c o n t r o l s  f o r  Grouns 5 end 4 o r  t h e  Vivonex  
f e d  r a t s  o f  Groups  3 and 4* The c o n t r o l s  f o r  Group 5i t h e  
f l e x i c a l  g r - u n ,  were  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from th e
C o n t r o l s  f o r  Group 4 ( a l t h o u g h  s i g n i f i c a n t l y  d i f f e r e n t  from 
t h e  combined c o n t r o l s  f o r  Groups 5 und 4 ) So t h a t  t h e  r e s u l t s  
f o r  V ivonex and f ' l e x i c a l  f e e d i n g  can  be t e n t a t i v e l y  compared 
u s i n g  t h e s e  two g r o u p s .  I h o l i c  a c i d  h a l f - l i f e  i n  t h e  
v ivonex  f e d  r a t s  o f  Group 4 (n=6 ) was 10 .734  -  1 ,153  days 
compared  w i t h  6 . 4 5 1  -  0 . 5 5 1  i n  t h e  F l e x i c a l  f e d  r a t s  (n=6 ).
T h i s  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  ( p ^ 0 . 0 2 ) .
E s t i m a t e d  b i l e  a c i d  p o o l  s i z e  f o r  t h e  c o n t r o l  r a t s  and 
t h o s e  fed '  t h e  e l e m e n t a l  d i e t s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a s  shown i n  'Table 3 . 5 .  The mean ( i  SEM) b i l e  a c i d  p o o l  
s i z e  f o r  t h e  c o n t r o l s  i n  t h e  Vivonex s t u d y  was l 6 . 5 5  -  2,31  
mg/lOOg body w e i g h t  and f o r  t h e  Vivonex  f e d  r a t s ,  14*55 -  2 .2 2 .  
I n  t h e  E l e x i c a l  s t u d y  t h e  c o n t r o l s  had a mean p o o l  s i z e  o f  
5 . 6 7  “ 0 , 5 7  mg/lOOg body w e ig h t  compared w i t h  7 . 6 4  ~ l .Op 
f o r  t h e  E l e x i c a l  f e d  r a t s .
The e f f e c t s  o f  e l e m e n t a l  d i e t  f e e d i n g  on t o t a l  l i v e r
c n o l e s t e r o l  i s  shown i n  T ab le  3.4* T o t a l  l i v e r  c h o l e s t e r o l
(Mean -  oM.h) was s i g n i f i c a n t l y  i n c r e a s e d  from 220 .4  -  2 .2
mg/lDOg f o r  t h e  c o n t r o l s  (n=12) t o  531.6  t  5 5 . 1  i n  th e  r a t s
f e d  Vivonex \h = 1 2 ) ,  ^p^ 0 . 0 0 2 )  and from 241.9  -  4*1 i n  tne
c o n t r o l s  (n~6)  t o  2 6 5 . 6  1' 8 . 3  i n  t h e  E l e x i c a l  f e d  r a t s  ( n ~ 6 ) ,
( p ^ O . O l ) .  The d i f f e r e n c e  be tw een  c o n t r o l s  means t h a t  the  
and Mle-riool
e f f e c t s  o f  V ivonex  on b i l e  a c i d  p o o l  s i z e  and c h o l e s t e r o l  
l e v e l s  c a n n o t  be compared d i r e c t l y .
Ol ddi odlOM
A good l i n e a r  r e l a t i o n s h i p  was o b t a i n e d  f o r  t h e  semi-  
l o g a r i t h m i c  p l o t  o f  c h o l i c  a c i d  e x c r e t i o n  a g a i n s t  t im e?a s  
p r e v i o u s l y  d e s c r i b e d  ( S t r a n d ,  1165;  G u s t a f s s o n  and Norman,
1969  ( a ) ;  B eh e r  e t  a l ,  1 9 6 9 ) ,  i n d i c a t i n g  t h a t  t h e  e x c r e t i o n  
was g o v e rn e d  by f i r s t - o r d e r  k i n e t i c s .
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The va. lues o b t a i n e d  f o r  c h o l i c  a c i d  h a l f - l i f e  i n  t h e  
c o n t r o l  r a t s  a r e  i n  good a g re o i i e n t  w i t h  p r e v i o u s l y  r e p o r t e d  
v a l u e s  u s i n g  d i f f e r e n t  methods  f o r  d e t e r m i n i n g  t h e  i s o t o n e  
e x c r e t e d  i n  t h e  f a e c e s .  The v a l u e s  r e p o r t e d  i n c l u d e  a  mean 
c h o l a t e  h a l f - l i f e  o f  2 .0  days  w i t h  a r a n g e  o f  1 . 5 5  -  2 .51  
days  u s i n g  e t h a n o l i c  e x t r a c t i o n  o f  f a e c e s  (P or tm an  and 
Murphy,  1 9 5 3 ) ;  a mean h a l f - l i f e  o f  2-3 d a y s ,  r a n g e  1 , 7 - 2 . 9  
days  by c o m b u s t io n  i n  a S c h d n in g e r  f l a s k  ( S t r a n d ,  I 9 6 3 ) ;  
a  h a l f  l i f e  2 . 5 - 3 . 5  days  by e x t r a c t i o n  ( G u s t a f s s o n  and Norman, 
1 9 6 9 a )  and a h a l f  l i f e  o f  3*5 -  0 ,4  days  (Mean -  SSM) by 
b o t h  e x t r a c t i o n  and c o m b u s t io n  methods (B eher  e t  a l ,  I 9 6 9 ) ,
The i n c r e a s e  i n  h a l f  l i f e  o f  c h o l ? t e  p ro d u c e d  by 
e l e m e n t a l  d i e t  f e e d i n g  i s  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  
s e m i - s y n t h e t i c  d i e t s .  C h o l a t e  h a l f  l i f e  was i n c r e a s e d  from 
2 , 0  days  co 3*2 days  by s t a r c h  ba.sed,  and 4 . 2  days  by s u c r o s e  
b a s e d ,  s e m i - s y n t h e t i c  d i e t s  a f t e r  f o u r  weeks f e e d i n g  (p o r tm an  
and  Murpliy, 1 9 5 3 ) .  L a c t o s e  b a?e d  d i e t s  were r e p o r t e d  t o  
i n c r e a s e  c h o l a t e  h a l f  l i f e  t o  6 . 5  days (Port.man,  I 9 6 0 ) and 
s t a r c h  b a s e d  s e i i - s y n t ^ e t i c  d i e t s  t o  i n c r e a s e  i t  t o  5-5 da^s  
a f t e r  t h r e e  weeks ( G u s t a f s s o n  and Norman, 1 9 6 9 a ) .  The 
l a t t e r  a u t n o r s  r e p o r t e d  a c h o l a t e  h a l f  l i f e  f o r  g e r m - f r e e  
r a t s  f e d  t h e  s t a r c h  baaed  d i e t  o f  9-16 days and 4 -6  days  on 
p e l l e t s .  They a l s o  de c o n s t r a t e d  t h a t  p r e v e n t i o n  o f  
cop ro p h ag y  had no e f f e c t  on c h o l a t e  h a l f  l i f e  measurements  i n  
any o f  t h e  g ro u n s  s t u d i e d .  P a e m o th e ra n e u t i c  a e n t s  r r o l o n a u d  
c h o l a t e  h a l f  l i f e  on s u c r o s e  b ased  d i e t s  t o  1 1 , d days (Por tm an ,  
1 9 6 0 ) ,
Vivonex f e e d i n g  f o r  n in e  weeks r e s u l t e d  i n  a c h o l a t e  
h a l f  l i f e  g r e a t e r  t n a n  t h a t  r e p o r t e d  f o r  s u c r o s e  d i e t s  b u t  
co m p arab le  t o  t h a t  found  i n  g e r m - f r e e  r a t s  on s t a r c h  b a s e d  
d i e t s  and normal  r a t s  f e d  s u c r o s e  d i e t  p l u s  d u l p h a s u x a d i n e .  
T h i s  l o n g  n a i f  l i f e  may t h e r e f o r e  he due to  a l t e r a t i o n s  i n  
b a c c e r i a l  f l o r a ,  t o  t h e  d i f f e r e n c e s  i n  c o m p o s i t i o n  o f  t h e  
d i e t s  o r  t h e  l o n g e r  f e e d i n g  n e r i o d  employed i n  t h i s  s t u d y ,  
P l e x i c a l  had a  l e s s  p ronounced  e f f e c t  t h a n  / I v o n e x  on c h o l a t e  
h a l f  l i f e  w h ich  may be  due t o  t h e  d i f f e r e n c e  i n  c o m u o s i t i o n  
o f  t h e  d i e t s .  The n i t r o g e n  s o u r c e  i n  Vivonex i s  s y n t h e t i c  
amino a c i d s ,  c a s e i n  h y d r o l y s a t e  i n  P l e x i c a l  and was whole  
cm se in  i n  t h e  s e m i - s y n t h e t i c  d i e t s .  Also  P l e x i c a l  c o n t a i n s  
s u c r o s e  b u t  V ivonex  d o e s n ’t  and t h e  f a t  c o n t e n t  i s  
d i f f e r e n t .  The r e s u l t s  f o r  f a e c a l  b i l e  a c i d  c o m p o s i t i o n  i n  
t h e  p r e v i o u s  c h a p t e r  a l s o  s u g g e s t e d  tha . t  V ivonex  f e e d i n g  
may p roduce  a l t e r a t i o n s  i n  b a c t e r i a l  f l o r a .
The r e p o r t e d  e f f e c t s  o f  d i e t  on b i l e  a c i d  o r  c h o l i c  
a c i d  wool s i z e s  w h ich  a r e  c a l c u l a t e d  by i i f f e r e n t  methods  
a r e  c o n f l i c t i n g ,  and many o f  t h e  m e tho is  a r e  q u e s t i o n a b l e ,  
d h o l i c  a c i d  poo l  s i z e ,  c a l c u l a t e d  from t h e  c o u n t s  i n j e c t e d  
and t h e  s p e c i f i c  a c t i v i t y  o f  c h o l a t e  i n  b i l e  4 h o u r s  l a t e r  
( f o r  two r a t s  o n ly  f o r  each  group) jWas r e p o r t e d  t o  be 
r e d u c e d  by s t a r e  a and s u c r o s e  d i e t s  t o  h a l f  t'ne v a l u e  found 
i n  ciow f e d  r a t s  ( P o r t  man and lurolpy, U p d ) ,  A l a t e r  
s t r d y ,  i n  w hich  c h e l a t e  c o o l  s i z e  was c a l c u l a t e d  from t h e  
s p e c i f i c  a c t i v i t y  o f  c h o l a t e  i n  t h e  s m a l l  i n t e s t i n e  and th e  
t o t a l  r a d i o a c t i v i t y  r e c o i n i n g  i n  t h e  r o t ,  showed no 
s i g n i f i c a n t  d i f f e r e n c e  between c o n v e n t i o n a l  r a t s  f e d  p e l l e t s  
and s t a r c n  b a s e d  d i e t s ,  n o r  be tween  c o n v e n t i o n a l  r a t s  fed
n e l l e t s  g e r m - f r e e  r a t s  f e d  t h e  s y n t h e t i c  d i e t ,  a l t h o u g h
t h e  d i f f e r e n c e s  i n  c h o l i c  a c i d  h a l f  l i f e  were  marked 
( G u s t c f s s o n  and  i^orma.n, l l 6 ? a ) .  The r e s u l t s  o f  t h i s  l a t e r  
more r e l i a b l e  s t u d y  a r e  i n  ag reem en t  w i t h  t h e  r e s u l t s  f o r  
e l e m e n t a l  d i e t  f e e d i n g  o b t a i n e d  h e r e ,  i n  t h a t  t h e  b i l e  a c i d  
p o o l  s i z e  i s  a p p a r e n t l y  icot s i g n i f i c a n t l y  a l t e r e d  a l t h o u g h  
g r e a t  d i f f e r e n c e s  i n  t h e  b i o l o g i c a l  h a l f  l i f e  o f  c h o l i c  a c i d  
were fou n d .
T o t a l  l i v e r  c h o l e s t e r o l  was measured  a s  a  p r e l i m i n a r y  
i n v e s t i g a t i o n  o f  t n e  e f f e c t s  o f  e l e m e n t a l  d i e t  f e e d i n g  on 
t h e  s y n t h e s i s  o f  b i l e  a c i d s ,  s i n c e  e a r l y  s t u d i e s  w i t h  b i l e  
f i s t u l a  r a t s  p r o p o s e d  t h a t  b i l e  a c i d  s y n t h e s i s  was i n h i b i t e d  
by s u g a r  b a s e d  d i e t s  and r e s u l t e d  i n  a r e d u c e d  c h o l a t e  p o o l  
s i z e  (P o r tm a n  e t  a l ,  1955; Lee and ner rmann ,  I 9 6 3 ) .  The 
r e s u l t s  f o r  l i v e r  c h o l e s t e r o l  l e v e l s  i n  t h e  c o n t r o l  r a t s  
a r e  i n  a g re e m e n t  w i t h  t h o s e  r e p o r t e d  by Lee and b r rn ian ,  and 
w ere  fo u n d  t o  be i n c r e a s e d  i n  t h e  r a t s  f e d  e l e m e n t a l  d i e t s ,  
however ,  s i n c e  no e v i d e n c e  was o b t a i n e d  t h a t  b i l e  a c i d  p o o l  
s i z e  was r e d u c e d  t h e r e  i s  no need  t o  invoke  an i n h i b i t i o n  
o f  t e e  c o n v e r s i o n  o f  c h o l e s t e r o l  t o  b i l e  a c i d s  as  t h e  c a u s e  
o f  r e d u c e d  f a e c a l  b i l e  a c i d  e x c r e t i o n  d u r i n g  e l e m e n t a l  d i e t  
f e e d i n g .  I n  f a c t ^ c n o l e s t e r o l  a c c u m u l a t i o n  i n  t h e  l i v e r  may 
s im p ly  r e f l e c t  t h e  f a c t  t h a t  b i l e  a c i d  t u r n o v e r  i s  r e d u c e d  
du i ' i n g  e l e m e n t a l  d i e t  f e e d i n g  and so  l e s s  c h o l e s t e r o l  i s  
c o n v e r t e d  t b i l e  a c i d s  t o  m a i n t a i n  t h e  p o o l  s i z e .  
A c c u m u la t io n  o f  r a t  l i v e r  l i p i d  dur in -r  e l e m e n t a l  d i e t  f e e d i n g  
has  r e c e n t l y  b e e n  r e c o r d e d  i n  a b s t r a c t  forui ( Young e t  a l ,  
1 9 7 3 ) .  The a c c u m u l a t i o n  was g r e a t e r  d u r i n g  Vivonex f e e d i n g  
t h a n  d u r i n g  T l e x i c a l  f e e d i n g  as  s u g g e s t e d  by t h e  r e s u l t s  of  
t h i s  s t u d y .
E l e m e n t a l  d i e t  f e e d i n g  i n  r a t s  i n c r e a s e d  c h o l i c  a c i d  h a l f  
l i f e  find f a e c a l  b i l e  a c i d  e x c r e t i o n  was r e d u c e d . Thus t h e  
b i l e  a c i d s  e x c r e t e d  r e p r e s e n t  a  s m a l l e r  p r o p o r t i o n  o f  a  
no rm al  s i z e d  b i l e  a c i d  p o o l  r a t h e r  t h a n  r e f l e c t i n g  a r educe d  
p o o l  s i z e .
The d i f f e r e n c e s  i n  t h e  amount and c o m p o s i t i o n  o f  f a e c a l  
b i l e  a c i d s  e x c r e t e d ,  and a l s o  i n  c h o l i c  a c i d  t u r n o v e r ,  t h a t  
e x i s t  be tw ee n  t h e  c o n v e n t i o n a l  r a t s  f ed  p e l l e t s  and e l e m e n t a l  
d i e t s  ( e s p e c i a l l y  V ivonex)  i n  t h i s  s t u d y  a r e  s i m i l a r  t o  t h e  
d i f f e r e n c e s  o b s e r v e d  be tween  c o n v e n t i o n a l  and g e r m - f r e e  r a t s  
wnen f e d  t h e  same d i e t  ( G u s t a f s s o n  e t  a l , I 9 6 O; G u s t a f s s o n  
and Norman, I 969 a  and b ; K e l l o g g  and Wostmann, 1969:  Madsen 
e t  a l ,  1 9 7 6 ) ,  and so change s  i n  b a c t e r i a l  f l o r a  may be  
i m p l i c a t e d .  The mechanism o f  t h e  a L t e r e d  b i l e  a c i d  metabol ism 
i n  g e r m - f r e e  r a t s  i s  n o t  f u l l y  u n d e r s t o o d ,  however,  b u t  
enhanced  a b s o r p t i o n  o f  b i l e  a c i d s  i n  t h e  s m a l l  i n t e s t i n e  
l e a d i n g  t o  an i n c r e a s e  i n  t h e  number o f  e n t e r o - h e p a t i c  c y c l e s  
o f  b i l e  a c i d s  has  b e e n  i m p l i c a t e d  (K e l lo g g  and Wostmann,  1969)
C o r r e l a t i o n  C o e f f i c i e n t
Group 5
Group 4
Cont r o l
0 . 9 9 6 2
0 .9 9 3 3
0 . 9 9 3 9
0 .9 9 3 2
0 . 9 9 7 6
0 ,9897
0 .9943
0 . 9  951 
0 .9321
0 . 9 6 5 2
0 . 9 9 2 5
0 . 9 9 6 4
C o n t r o l
0 .9512
0 . 9 5 1 5
0 . 9 9 9 1
0 .9 9 5 7
0 . 9 7 1 5
0 . 9 9 7 5
Vivonex
0 . 9 3 6 3
0 . 9 6 4 7
0 . 9 9 2 7
0 . 9 9 0 5
0 . 9 3 6 0
0 . 9 9 3 5
0 . 9 9 1 6
0 , 9 6 3 5
0 . 9 9 2 2
0 . 9 7 1 3
0 . 9 3 3 0
0 .9935
P l e x i c a l
0 . 9 3 1 7
0 , 9 3 3 9
0.9317
0 . 9 9 3 0
0 .9309
0 . 9 9 2 5
ABLE 3 .1
CHOLIC AGIO BaLP-LIP j  CPTCTTI: ATIOB: ^OZf^LATIOi'I 
COCPPICl lC T  PGR PLOT OP e ( l - ^ ^ /U m a x )  7 CISiJS T ipp
y
C h o l i c  f c i d  h a l f  l i f e  ( d a y s )
C o n t r o l Yivone X
Grouu ,3, 2 .3 4 2 8.173
4 .109 1 5 . 2 5 4
2 . 6 6 6 8 . 4 5 3
2 ,717 7 ,492
2,529 7 , 1 5 4
2 .223 7 , 7 7 3
Group 4 2 , 81 9 9 . 2 4 6
1 .731 1 6 . 0 9 0
1 . 1 2 1 7 . 9 4 2
1 .2 4 7 1 1 . 21 1
1 .9 5 3 9 , 6 0 4
2 .299 1 0 . 6 1 0
Mean
t s K ' l
2 .313  
-  0 . 2 2 7
,9 .9 1 8
- 0 . 3 5 5 p <  0 .0 0 2
C o n t r o l F l e x i c .s i
Groiin 5 1 . 6 2 0 4 , 7 3 5
1 .507 6 . 1 7 9
1.374 3 . 5 4 2
1 .329 5 . 6 0 5
1 ,351 6 . 0 5 0
1 . 7 5 2 7 , 4 4 7
Mean 1 . 5 7 2 ~T743Ï p < 0 . 0 1±GxM - 0 . 0 3 9 Ï 0 . 5 5 1
TABLE 3 . 2
EPPGTJ OE H jI j  Z j .  LEjJ , J J DTLT 7EMDI:G 01 Cl OLIl ACID
MATV-IJEE i : :  RATS
E s t im pted  b i l e a c i d  p oo l  s i z e
" GÜZJklïBL body weiadrt)
C o n t r o l V ivone x
Group 3 24 .10 1 6 . 5 2
58 .65 9.11
19.29 5 1 . 0 4
2 6 .5 3 1 6 , 6 3
2 0 .53 1 3 .2 3
14 .59 1 2 . 3 4
Group 4 14 .5 9 9 . 5 3
7 .5 8 26 .54
7 .2 1 9 .5 8
6 . 1 4 10 .13
9 . 1 6 7 .1 2
10.66 7 . 4 4
Mean T 6T 5I 7 Î 4T 53 „ -
-SEM ± 2 .31 + 2 .2 2  " ' S .
C o n t r o l F l e x i c a l
Group 5 5 . 5 4 4 .54
4 . 6 0 7 .6 0
5 . 3 7 9 . 5 3
4 . 9 6 6 ,0 1
4 . 7 9 6 . 34
3 . 5 7 1 1 . 6 7
Mean “ 75T 67
ZoEM 1 0 . 5 7 - 1 . 0 5  ^ '
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T o ta l  l i v e r  ch o ie  s t e  ^ "ol 
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C o n t r o l Vivonex
2 22 .6 2 7 3 . 4
222.  3 490 .5
2 12 .8 229.3
2 1 7 . 4 293.3
2 2 3 .4 347.1
2 3 6 , 6 3 47 .8
2 2 3 .7 4 7 0 . 6
2 2 0 . 0 299.6
213 . 4 593.1
2 2 6 . 5 4 1 3 .3
203 .0 29 7 . 3
212 .3 5 2 3 . 5
220 .4 J s O '
-  2 . 2 - 33 .1  ■
C o n t r o l F l e x i o n
247 .0 2 6 5 . 7
2 5 2 . 9 264 .9
250.  -) 23 5 . 5
235 .1 2 6 0 . 7
2 2 7 . 5 302.9
2 3 7 . 9 2 6 4 . 1
24ÏT9 2 6 5 . 6
:  4 . 1 -  3 . 3 p < 0 . 0 5
TABLE 3 .4
L’TECT CE SLETL’TAL DIET DE EDI KG Oil
HA.PÎER 9
VIVONEX AND jlU-IAN FAECAL BILE AGTD3 î 
.'iANAGÉ.-lE.,T OF PATIENT3 WIT- CUOLJRiEIC DIARR OBA
T  1  ' 1  • >  \ ’ T  ■ ' I T  O '
hi- — 4 L V*.-' J  • ' J- -Z. \.V • •
The impor'fcance o f  t h e  i l eu m  f o r  t h e  a b s o r p t i o n  o f  b i l e  
a c i d s  and m - i n t o  nance  o f  t h e i r  e n t e r o n e n a t i c  c i r o n  la. t  io n  Ins  
be e n  d e m o n s t r a t e d  i n  dogs ( P l a y o n s t  e t  a l , 1?65) and man 
(A n s t a d  e t  a l ,  1967; Me i  ho i f  and K e r r ,  1963; Lovr-boer e t  a l ,  
1 9 6 9 ) .
M a l a b s o r p t i o  n o f  b i l e  a c i d s  i n  t h e  s m a l l  i n t e s t i n e  r e s u l t s  
i n  a g r e a t l y  i n c r e a s e d  l o a d  o f  b i l e  a c i d s  e n t e r i n g  t h e  c o l o n  
w here  t n e y  c a u s e  s e c r e t i o n  o f  w a t e r  and e l e c t r o l y t e s  
( M e k h j i a n  e t  a l ,  1 9 ? l )  r e s u l t i n g  i n  an u r g e n t ,  w a t e r y  d i a r r h o e a .
I n  1967  Aofmann i n t r o d u c e d  t h e  te rm  ' c h o l e r h e i c  e n t e r o ­
p a t h y ’ t o  d e s c r i b e  t h i s  t y p e  o f  d i a r r h o e a  and l a t e r  d e f i n e d  
two syndromes  o f  b i l e  a c i d  m a l a b s o r p t i o n  f o l l o w i n g  i l e a l  
r e s e c t i o n  - c h o l e r h e i c  and  s t e a t o r r h o e i c  d i a r r h o e a  (Hofmann, 
1 9 7 2 ) .  I n  c h o l e r h e i c  d i a r r h o e a  t h e  l e n g t h  o f  i l e u m  r e s e c t e d  
i s  l e s s  t h a n  100cm, f a e c a l  f a t  l e s s  t h a n  20g (BOmmol) p e r  day 
and f a e c a l  w e ig h t  l e s s  t h a n  900g p e r  day.  O th e r  w orke rs  
have  s t r e s s e d  t 10 i m p o r t a n c e  o f  t h e  l e n g t h  o f  any a s s o c i a t e d  
c o l o n i c  r e s e c t i o n  s i n c e  i n  p a t i e n t s  w i t h  i l e a l  r e s e c t i o n  a 
g r e a t e r  l o a d  o f  f l u i d  may be d e l i v e r e d  t o  t h e  c o l o n  (Ounmings 
e t  a l ,  1 9 7 5 ) .  Tne o c c u r r e n c e  o f  i i a r r h o e a  from o t h e r  c a u s e s ,  
s u c h  a :  f a t  m a l a b s o r p t i o n  as a  r e s u l t  o f  p a n c r e a t i c  i n s u f f i c ­
i e n c y ,  may c a u s e  some m a l a b s o r p t i o n  o f  b i l e  s o i l s .  Meihof f  
and Kern i n  1963 d e m o n s t r a t e d  t n a t  m a n n i to l  i n d u c e d  d i o r r h o e a  
r e s u l t e d  i n  a two f o l d  i n c r e a s e  i n  c h o l i c  a c i d  t u r n o v e r ,
a s  a  r e s u l t  o f  t h e  d i a r r h o e a  r a t h e r  t h a n  a : a  c a u s e .  F o l lo w in g
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i l e a l  r e s e c t i o n  c h o l i c  - o l d  t u r n o v e r  i n c r e a s e d  e l e v e n  f o l d .
s u c c e s s f u l ,  t r e a t m e n t  o f  t n e  d i a r r h o e a  fo l l o w in g '  i l e a l  
r e s e c t i o n  w i t  - ; t n e  b i l e  a c i d  s e o u e s t e r i n g  ar-eit c h o l e s t y r a m i n e
f a
has  b e e n  r e p o r t e d  ( l o i n a n n  and P o l e y ,  19b9 ) b u t  a s  b i l o  a c i d s  
a r e  bound i n  b o t h  t h e  s n a i l  and l a r g e  i n t e s t i n e  f a t  m a l a b s o r p t i o n  
o c c u r s  w i t n  w o r s e n i n g  o f  s t e a . t o r r h o e a  and s u p p le m e n ts  ^ f  
f a t  s o l u b l e  v i t a c i n s  a r e  r e q u i r e d .
The e l e m e n t a l  d i e t  / i v o n e x  was r e n o r t e d  t o  r e d u c e  f a e c a l  
b i l e  a c i d  e x c r e t i o n  i n  t h r e e  h e a l t h y  v o l u n t e e r s  ( Growther  e t  a l ,  
1 9 7 3 ) and t h e  e x n e r i n e n t s  w i t h  normal  r a t s  r e r o u t e d  i n  r r e v i o u s  
c h a p t e r s  a l s o  showed a  r e d u c e d  t u r n o v e r  o f  b i l e  a c i d s  d u r i n g  
e l e m e n t a l  d i e t  f e e d i n g ,
AIM OF STUDY
To i n v e s t i g a t e  th e  e f f e c t  o f  t h e  e l e m e n t a l  d i e t  Vivonex  
on human f a e c a l  b i l e  a c i d  e x c r e t i o n ,  p a r t i c u l a r l y  i n  r a t i e n t s  
w i t h  c h o l e r h e i c  d i a r r h o e a ,  and t o  e v a u l a t e  i t s  u s e  i n  t h e  
management o f  t n e s e  p a t i e n t s ,
. d THOJd
S ix  p a t i e n t s  w i t h  c h o l e r h e i c  d i a r r h o e a  f o l l o w i n g  i l e a l  
r e s e c t i o n ,  f o u r  p a t i e n t s  w i t h  n o n - c r i o l e r h e i c  d i a r r h o e a  and two 
v o l u n t e e r s  were  s t u d i e d .  The l e n g t h  o f  t h e  i l e u m  and c o l o n  
r e s e c t e d  (m e a su re d  a t  s u r g e i y )  t o p e t n e r  w i t h  t h e  f i n a l  d i a g n o s i s  
f o r  t h e  t e n  p a t i e n t s  i s  s q o w t i  i n  T ab le  9 . 1 .
Two f i v e  day f a e c a l  c o l l e c t i o n s  were nr de f o r  each  s u b j e c t .  
The f i r s t  was a c o n t r o l  c o l l e c t i o n  when t h e  s u b j e c t s  were  
consuming  a  normal d i e t  c o n t a i n i n g  a p p r o x i m a t e l y  70 r  of  f a t . .  
S in c e  no m e t a b o l i c  ward f a c i l i t i e s  were a v a i l a b l e  t h e  d i e t  
c o u l d  n o t  be s t r i c t l y  c o n t r o l l e d  and in d e e d  t h e  second  normal 
v o l u n t e e r  and p a t i e n t  number t h r e e  were  s t u d i e d  on an  o u t -  
p a t i e n t  b a s i s .  The .second f a e c a l  c o l l e c t i o n  wns s t a r t e d  t h r e e  
t o  t e n  days  a f t e r  t h e  normal d i e t  had been  r e r l a c e d  by ' / ivonex  
a l o n e .  The number o f  s t o o l s  p e r  d.ay was r e c o r d e d  on s t o o l
c h a r t s  and Vivonex i n t a k e  n o t e d  d a i l y .
The s t o o l s  were w e ighed ,  homogenised  and a.halysed. i n  
d u p l i c a t e  f o r  b i l e  s .cids a s  d e s c r i b e d  i n  C h a p t e r  5.  The 
r e s u l t s  a r e  e x p r e s s e d  as  nig/24h. F a e c a l  b i l e  a c i d  e x c r e t i o n  
was d e t e r m i n e d  i n  e l e v e n  v o l u n t e e r s  t o  e s t a b l i s h  t h e  normal 
r a n g e .  T h i s  wuss found  t o  be  49-379 mg/24h w i t h  a  mean v a l u e  
o f  1 5 brng/24h ,  and .was m o s t l y  t h e  l i t h o c h o l i c  and d e o x y c h o l i c  
a c i d  p e a k s .
F a e c a l  f a t  was d e t e r m i n e d  as  p a r t  o f  t h e  r o u t i n e  s c r e e i n g  
o f  t h e  p a t i e n t s  by a  g r a v i m e t r i c  method i n  t h e  b i o c h e m i s t r y  
l a b o r a t o r y  (n o rm a l  e x c r e t i o n  l e s s  tna.n 2 0 mmol/24h) ,
The t i m i n g  of  t h e  s e c o n d  f a e c a l  c o l l e c t i o n ,  a f t e r  t h e  
n o rm a l  d i e t  was r e p l a c e d  by V ivonex ,  and t h e  d a i l y  i n t a k e  o f  
V ivonex d u r i n g  t h e  s t u d y  i s  s.aovai f o r  t h e  tw e l v e  s u b j e c t s  i n  
T a b l e  9*2.  Most s u b j e c t s  managed t o  t a k e  t h e  d a i l y  t r e a t m e n t  
o f  s i x  p a c k e t s  o f  V ivonex ,  w h ich  s u p p l i e s  1300 k i l o c a l o r i e s , 
a f t e r  c a r e f u l  i n t r o d u c t i o n  o f  t h e  d i e t  a t  h a l f  s t r e n g t h  as  
recommended.  A v a i l a b i l i t y  o f  beds  i n  t h e  ward meant  t h a t  
some p a t i e n t s  were  t a x i n g  Vivonex  f o r  l e s s  t h a n  a week b e f o r e  
t h e  t e s t  f a e c a l  c o l l e c t i o n  was com.aenced.
T a b l e s  9 . 3  und 9 .4  show t h e  e f f e c t  of  V ivonex  on f a e c a l  
v e i g l j t ,  s t o o l  f r e q u e n c y  and t h e  e x c r e t i o n  of  t o t a l  f a e c a l  b i l e  
a c i d s  and f a e c a l  f a t .  F a e c a l  wet  w e ig h t  was s i g n i f i c a n t l y  
r e d u c e d  frnm 339 i  106 (Mean x llM) t o  I 46  ± 1 3 g /2 4 h  f o r  t h e  
s i x  p a t i e n t s  w i t h  c n o l e r i i e i c  d i a r r h o e a  d u r i n g  t r e a t m e n t  w i t h  
/ i v o n e x .  ( p < 0 , 0 5 ,  ' . ' i l c o x o n ' s s i g n e d  r a n k s  t e s t ' .  The s m a l l  
n u n b e r s  and v a r i a b l e  r e s u l t s  f o r  t n e  r a t i e n t s  w i t h  n o n - c h o l e r h e i c  
i i e r r r . o e a  and ti ie normal s u b j e c t s  p r e c l u d e  s t a t i s t i c a l  a n a l y s i s ,
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b u t  f a e c a l  wet  w e ig h t  l u r i n g  Vivonex i n t a k e  was r e d u c e d  
i n  a l l  s u b j e c t s  e x c e n t  t n e  p a t i e n t s  w i t h  i r r i t a b l e  bowel 
syndrome ( i ' a t i e n t  l O ) .  F a e c a l  d ry  w e ig h t  was r e d u c e !  i n  a l l  
tw e l v e  s u b j e c t s  s t u d i e d ,  however ,  and f o r  t h e  c h o l e r h e i c  
d i a r r h o e a  g roup  t h e  d ry  w e i g h t  was s i g n i f i c a n t l y  r e d u c e d  from 
4 6 - 6  ( . l ean  1 3 E.-I) t o  13 -  4 g /2 4 h .  o t o o l  f r e q u e n c y  was 
r e d u c e d  i n  a l l  p a t i e n t s  e x c e p t  n a t i e n t  1 0 .
T o t a l  f a e c a l  b i l e  a c i d s  were s i g n i f i c a n t l y  r e d u c e d  i n  t h e  
p a t i e n t s  w i t h  c h o l e r n e i c  d i a r r h o e a  from 2556 -  664  (Mean -  SBM) 
t o  1075  “ 445 mg/24h d u r i n g  t r e a t m e n t  w i t h  V ivonex  ( p ' \ 0 . 0 5 ,  
v / i l c o x o n ' s  s i g n e d  r a n k s  t e s t ) .  B i l e  a c i d  e x c r e t i o n  was 
r e d u c e d  i n  a l l  s i x  p a t i e n t s ,  t h e  l a r g e s t  r e d u c t i o n  b e i n g  
o b s e r v e d  i n  t h e  p a t i e n t  w i t h  an i n t a c t  i l e o - c . a e c a l  s u h i n c t e r  
( p a t i e n t  5)» F a e c a l  f a t  e x c r e t i o n  was a l s o  r e d u c e d  d u r i n g  
V ivonex  t r e a t m e n t  i n  t h e  f i v e  p a t i e n t s  f o r  whom i t  was 
m e a s u r e d .
T h e re  was a modest  i n c r e a s e  i n  f a e c a l  b i l e  a c i d  e x c r e t i o n  
i n  t h e  p a t i e n t  w i t h  i r r i t a b l e  bowel syndrome ( n a t i e n t  lO) 
w n ich  c o r r e s p o n d s  w i t h  t h e  i n c r e a s e  i n  wet  w e ig h t  o f  f a e c e s  
and s t o o l  f r e q u e n c y  o b s e r v e d .  The b i l e  a c i d  e x c r e t i o n  remained  
w e l l  w i t ' i i n  t h e  normal r a n g e  ( 4 9 -3 7?m g/24h ) , lowever,  as d id  
t n a t  o f  t h e  f i r s t  normal s u b j e c t  ( n u n b e r  1 1 ) whose f a e c a l  
b i l e  a c i d  and f a t  e x c r e t i o n  i n c r e a s e d  s l i g h t l y  du r in - ;  Vivonex 
i n t a k e .  F a e c a l  b i l e  a c i d s  d i d  d e c r e a s e  i n  t h e  o t h e r  f o u r  
s u b j e c t s  i n  t h e  n o n - c h o l e r h e i c  d i a r r h o e a  and normal  g rouns  
d u r i n g  V ivonex  i n t a k e .
The d r a m a t i c  r e d i c t i o n  i n , t h e  d i a r r h o e a  o f  p a t i e n t s  7 and 
9 , a s s e s s e d  f r o n  t h e  m e a s u r e l e c t s  of  f a e c a l  wet w e i g h t ,  o ro b a b ly  
r e s u l t s  from t h e  low f a t  c o n t e n t  o f  Vivonex.  These  two p a t i e n t s
77
had m arked ly  e l e v a t e d  f a e c a l  f a t  e x c r e t i o n  ( g r e a t e r  t h a n
dO.ATiol/24h) w hich  was p r o b a b l y  t h e  c a u s e  o f  t h e i r  d i a r r h o e a
( s t e a t o r r n o e i c  d i a r r h o e a ) .  The b i l e  a c i d  e x c r e t i o n  o f  4G4mg/24h
d u r i n g  t h e  c o n t r o l  p e r i o d  f o r  p a t i e n t  8 w i t h  a s m o l l  i l e a l
r e s e c t i o n ,  i s  o n ly  s l i g h t l y  o u t s i d e  t h e  normal r a n g e  and was
n o t  c o n s i d e r e d  s u f f i c i e n t  t o  be t h e  cau s e  of  t h e  d i a r r h o e a ,
Tne e x c r e t i o n  of  i n d i v i d u a . l  b i l e  a c i d s  ( o r  g rouns  o f  b i l e
a c i d s  -  s e e  c o u n t e r  5) i s  shown i n  T ab le  9 . 5 .  I n  f i v e  o f  t h e
p a t i e n t s  w i t h  c h o l e r h e i c  d i a r r o o e a  most o f  t h e  e x c e s s  f a e c a l
b i l e  a c i d s  d u r i n g  t h e  c o n t r o l  p e r i o d  were t h e  p r i m a r y  b i l e  a c i d s
c h o l i c  and c h e n o d e o x y c h o l i c  a c i d s ,  as  e x p e c t e d .  P a t i e n t  2,
however ,  e x c r e t e d  m a in ly  t  e seconda.ry b i l e  a c i d s  l i t h o c h o l i c
and d e o x y c h o l i c  a c i d s .  P a t i e n t  8 w i t h  t h e  s m a l l  i l e a l  r e s e c t i o n
( i n  t h e  n o n - c h o l e r h e i c  d i a r r h o e a  g ro u p )  a l s o  e x c r e t e d  p r im a r y
b i l e  a c i d s  a l t h o u g h  t h e  t o t a l  a a o u n t  was n o t  marked ly  i n c r e a s e d .
The r e l a t i v e  p r o p o r t i o n s  o f  t h e  f o u r  b i l e  a c i d  peaks  showed no
r e a l  change  d u r i n g  V ivonex  t r e a t m e n t  a l t h o u g h  s e c o n d a r y  b i l e
a c i d s  a p p e a r e d  i n  p a t i e n t  1 and t h e  d e o x y c h o l i c  a c i d  neak
d i s a p p e a r e d  f o r  p a t i e n t  7. P a t i e n t  2 p r o b a b l y  e x c r e t e d  a. sma.ll
a n a u n t  o f  cheriodeo:o,'‘c n o l l e  a c i d  d u r i n g  t h e  c o n t r o l  p e r i o d  b u t
t n e  peak  was nasked by t h e  l a r g e  d e o x y c h o l i c  a c i d  neak  and i s
n o t  o f  q u a n t i t a t i v e  i m p o r t a n c e .  Measurements  a r e  n e a r  t n e
d e t e c t i o n  11 l i t ,  e s p e c i a l l y  f o r  c h o l i c  a c i d ,  i n  n e t i a n t s  w i t h
e x c r e t i o n  i n  t h e  low normal  range  and so  t h e  r e s u l t s  f o r  
w i t h o u t
t t e  s u b j e c t s  c h o l e r l e i c  d i ^ r r n o e a  c an n o t  bo i n t e r p r e t e d ,
Tne r e s u l t s  f o r  t h e  s i- ,  ^ a t i e n t s  w i t h  c h o l e r h e i c  d i a r r h o e a  
snew t h a t  r e p l a c e m e n t  of  t h e  normal d i e t  by Vivonex  f o r  e i g h t  
t o  f i f t e e n  days  r e s u l t e d  i n  a  s i g n i f i c a n t  r e d u c t i o n  o f  f a e c a l
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"bile  a c i d  e x c r e t i o n  w i t h  a  coneomniit a n t  i rnnrovement i n  t h e i r  
f i i a . r rhoea ,  a s  measured  by f a e c a l  wet w e ig h t  nnd s t o o l  f r o o u e n c y .
F a e c a l  wet  w e i g h t  was a l s o  r e d u c e d  d u r i n g  Vivonex  i n t e k e  
i n  f i v e  o f  t h e  s i x  s u b j e c t s  w i t h  n o n - c h o l e r h e i c  d i a r r h o e a  and 
no rm al  s u b j e c t s .  F a e c a l  b i l e  a c i d  e x c r e t i o n  was r e d i c e d  i n  
f o u r  o f  t h e s e  f i v e  s u b j e c t s  as  r e n o r t e d  by Drowther  e t  a l  (1973)  
f o r  t h r e e  norm al  vo 1 unt e e r s .  i ‘he ;nark.ed i :nprove nent  i n  t h e  
d i a r r h o e a  o f  p a t i e n t s  7 and ^  who iiad s t e a t o r r h o e a  i s  n r o b a b l y  • 
a d i r e c t  r e s u l t  o f  t h e  lev/ f a t  c o n t e n t  o f  V ivonex  r e d u c i n g  t h e  
amount o f  f a t t y  a c i d s  and  t h e i r  b a c t e r i a l  p r o d u c t s  i n  t h e  c o l o n  
(Hofmauirij 1 9 7 2 ) ,  V a r i a b l e  e f f e c t s  of  a  s i m i l a r  e l e m e n t a l  d i e t  
( V i v a s o r b )  on f a e c a l  wet  w e ig h t  were  found  i n  e i g h t e e n  n a . t i e n t s  
w i t h  g a s t r o - i n t e s t i n a l  d i s o r d e r s  b u t  f a e c a l  b i l e  a c i d s  were no t  
m e asu re d  ( b x e l s s o n  and J u s t e s e n ,  1977 ) .
The r e d u c e d  f a e c a l  b i l e  a c i d  e x c r e t i o n  d u r i n g  Vivonex 
t h e r a p y  i n  man c o u l d  r e s u l t  from d e c r e a s e d  s e c r e t i o n  o f  b i l e  
a c i d s  i n t o  t h e  s m a l l  i n t e s t i n e  o r  i n c r e a s e d  r e a b s o r p t i o n  from 
t h e  g u t .  I n  man t h e  g a l l b l a d d e r  can  s t o r e  more t h a n  9 0 '  of  
t h e  b i l e  a c i d  p o o l  b e tw e e n  meals  (W hee le r ,  1 9 7 l )  w hereas  i n  t h e  
r a t ,  w h icn  has  no g a l l b l a d d e r ,  ab o u t  9 3 "(, of  t h e  t o t a l  b i l e  
a c i d  p o o l  r e  .inins i n  t h e  lumen and w a l l  of  t h e  i n t e s t i n a l  t r a c t  
a t  a l l  t i m e s  ( H o , 1976) .  F a t  and p r o t e i n  r e s t r i c t e d  d i e t s  have 
been  shown t o  r e i n c e  t h e  f r e q u e n c y  o f  a n t e r o h e n a t i c  c y c l i n g  
i n  man, p r o b a b l y  as a r e s u l t  o f  r e d u c e d  g a l l b l a d d e r  s t i m u l a t i o n  
( b e r n e r ,  197 p ) ,  and i n  monkeys t ^ e  d a i l y  b i l e  s a l t  s e c r e t i o n  
was r e d u c e d  by a low f a t  i n t a k e  (Campbel l  e t  a l ,  1972 ) .  A 
ch an g e  from a s o l i d  t o  fo rm u la  d i e t j ^ i t h  t h e  same c o n t e n t
has  b e e n  a s s o c i a t e d  w i t h  a d e c r e a s e  in  b i l e  a c i d  p r o d u c t i o n  
^ b e r g s t r o m ,  1 9 o 2 ; .  Thus Vivonex may re d u e e  t h e  amount o f
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b i l e  a c i d s  e n t e r i n g  t h e  duoderum.
A l th o u g h  t h e  components  o f  d i e t a r y  f i b r e  b i n d  b i l e  a c i d s  
i n  v i t r o ,  t n e  r e p o r t e d  e f f e c t s  on b i l e  a c i d s  i n  v i v o ,  as  
r e f l e c t e d  by human b i l e  a c i d  e x c r e t i o n ,  a r e  c o n f l i c t i n g  
(Cummings, 1 9 7 3 ) .  The f a t  c o n t e n t  o f  t h e  d i e t  i n f l u e n c e s  t h e  
e f f e c t  o f  f i b r e  on f a e c a l  b i l o  a c i d s  ( A n to n i s  and Bersohn ,
1962;  b u t  r e d u c i n g  th e  c r u d e  f i b r e  c o n t e n t  o f  a low f a t  d i e t  
r e d u c e d  f a e c a l  b i l e  a c i d  e x c r e t i o n  ( A n to n i s  and B e r s o h n , 1962) 
and e x c r e t i o n  was l o w e r  on t h e  low f a t  e l e m e n t a l  d i e t  Vivonex,  
t h a n  a  low f a t  s o l i d  d i e t  i n  t h r e e  h e a l t h y  v o l u n t e e r s  (C ro w th e r
e t  a l ,  1973;* A d d i t i o n  o f  c e l l u l o s e  o r  l a t a m u c i l  t o  t h e  d i e t
1/1 .
i n c r e a s e d  t n e  e x c l e t i o n  o f  "''J c h o l a t e  i n  f a e c e s  \ S t a n l e y  e t  a l ,
1 973) as  d i d  p e c t i n  ( i l i e t t l n e n  and T a r p i l a ,  1 9 7 7 ) .  The z e r o  
f i b r e  n a t u r e  o f  Vivonex  may t h u s  enhance a b s o r p t i o n  o f  b i l e  
a c i d s  by r e d u c i n g  t / ;e b i n d i n g  and a d s o r p t i o n  t o  d i e t a r y  r e s i d u e  
i n  t h e  g u t .
D i e t a r y  f i b r e  mey a l s o  e f f e c t  g u t  t r a n s i t  t im e  a l t h o u g h  t h e  
r e p o r t e d  e f f e c t s  a r e  v a r i a b l e  and seem t o  depend on t h e  
o r i g i n a l  t r a n s i t  t i n e  i n  eacn  s u b j e c t  (Cummings, 19 73 : Eastwood 
e t  a l ,  1973; Harvey e t  a l ,  1973)* A l a t e r  c o n t r o l l e d  s tu d y  
saowed t h a t  b r a n  a c c e l e r a t e s  slow t r a n s i t  a l t h o u g h  i t  a n r a r e n t l y  
s low s  f a s t  t r a n s i t  as  w e l l  ( p a y l e r  e t  a l ,  1973) .  P e r r a u l t  and 
c o - w o r k e r s  ( l 9 7 ) )  found  t h a t  on ly  2 ou t  o f  9 s u b j e c t s  consuming 
a n  e l e m e n t a l  d i e t  ( f l e x i c a l )  e l i m i n a t e d  90 V o f  i n g e s t e d  m arke rs  
w i t h i n  96 hours  w hereas  i n  t h e i r  r r e v i o u s  s t n d v  23 o u t  of 25 
s u b j e c t s  on a  no rmal d i e t  r a  i sed  30 o f  t h e  m arke rs  w i t h i n  96 
n o u r s . Thus Vivonex  aov enhance  n b a o r p t i o n  o f  b i l ^  e c i d s  by 
p r o l o n g i n g  t r a n s i t  t i m e ,  t h u s  i n c r e a s i n g  t h e  t im e  o f  c o n t a c t  
f o r  a b s o r  ' i o n ,  as  w e l l  as  r e d u c i n g  th e  b i n d i n g  o f  b i l e  ^ 'Cils
3 J
t o  r e s i d u e  i n  t h e  g u t .  I n  t h e  r a t i e n t s  w i t h  c h o l e r h e i c  d i a r r l i o e a  
f o l l o w i n g  i l e a l  r e s e c t i o n  t h e s e  e f f e c t s  .nay he n a r t i c u l a r l y  
i m p o r t a n t  i n  e n h a n c in g  b i l e  a c i d  a b s o m t i o n  by t h e  r e  na in  in,g 
i l e u m .
A l t e r a t i o n  o f  eu t  f l o r a  may a l s o  a f f e c t  b i l e  a c i d  a b s o r n t i o n .  
The o r i g i n a l  r e s o r t s  t h a t  e l e m e n t a l  d i e t  f e e d i n g  p roduced  a 
marked r e d u c t i o n  i n  f a e c a l  f l o r ^  (V/in i tz  e t  a l ,  1966 and 1970) 
were  n o t  c o n f i r m e d ,  a l t h o u g h  a x’e d u c t i o n  i n  e n t e r o c o c c i  and 
i n c r e a s e  i n  e n t e r o b a c t e r i a  were  found ( A t t e b u r y  e t  a l ,  1972;  
G ro w tn e r  e t  a l ,  1 9 7 3 î Bounous and B evroede ,  1 9 7 4 ) .
The r e d u c t i o n  i n  f a e c a l  b i l e  a c i d  e x c r e t i o n ,  e s p e c i a l l y  I n  
t h e  p a t i e n t s  w i t h  c h o l e r h e i c  d ia r r h o e a . ,  t h a t  was o b s e rv e d  i n  
t h i s  s t u d y  may r e s u l t  from b o t h  a r ed u ce d  s e c r e t i o n  o f  b i l e  
a c i d s  and enhanced  r e a b s o r p t i o n .
I n  p a t i e n t s  w i t h  I r o h n ' s  d i s e a s e  ( w i t h  and w i t h o u t  i l e a l  
r e s e c t i o n )  e l e m e n t a l  d i e t  t h e r a p y  f o r  t h e  t r e a t m e n t  of  c h o l e r h e i c  
d i a r r h o e a ,  as  an  a l t e r n a t i v e  t o  d h o l e s t y r a u i n e , has  a d d i t i o n a l  
a d v a n t a g e s  i n  t h a t  i t  i s  r e a d i l y  a s s i m i l a t e d  and may promote  
m e a l in g  o f  .d i s tu l . ' e  R u s s e l l ,  1975)* The s u c c e s s f u l  u se  o f  .an 
e l e m e n t a l  d i e t  f o r  l o n g  t e rm  n u t r i t i o n a l  sumpor t  i n  I r o h n ' s  
d i s e a s e  has  b e e n  r e c o r d e d  (Goode e t  a l ,  197 6 ) .
Group P a t i e n t l e n g t h  r e s e c t e d  (cm) D iagnos is
I \ ' 0 . I l e i i n Colon
O." o l c r i e i o ]. 25 22 O a r c in o a a  of  caecira
G i a r r h o e a 2 7 6 G e s e n t e r i o  t h r o m b o s i s
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B ia r r r . o e a 3 1 0 0 Y i l l o u s  n a r i l l o m a
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10 0 - x 0 I r r i t a b l e  bowel
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ON h u i a : :  p a a o r o a t i o  s r i r r o i o n
Ml
C l i n i c a l  f i n l i n g - s  s u y y e s t  t h a t  e l e  i iental  d i e t s  may 
s i g n i f i c a n t l y  r e d u c e  e x o c r i n e  pa.ncrea . t ic  s t i m u l a t i o n .  V o i t t  
and  c o ”V/or]:ers (1975)  r e p o r t e d  t h a t  f i v e  n a t i e n t s  w i th  
com p l i c a t e d  p a n c r e a t i t i s , u n s u i t a .b l e  f o r  i n t r a v e n o u s  f e e d i n g  
and u n a b l e  t o  t o l e r a t e  normal f o o d ,  t o l e r a t e d  t h e  e l e m e n t a l  
d i e t  ' R l e x i c a J '  w e l l ,  w i t h  s p o n ta n e o u s  c l o s u r e  o f  p a n c r e a t i c  
f i s t u l a e  and co m p le te  r e c o v e r y  i n  one c a s e .  S im i l . a r ly  
c l o s u r e  o f  p a n c r e a t i c  f i s t u l a e  was r e p o r t e d  w i t h  an o r a l  
e l e m e n t a l  d i e t  (McArdle e t  a l ,  1972 ) .
s t u d i e s  i n  mo.n (burpr and Jambunathan ,  1974) snd dogs 
( i ' lcArdle e t  a l ,  1972)  have  snown a r e d u c t i o n  of  g a s t r i c  s e c r e t i o n  
by e l e m e n t a l  d i e t s  and t h e  l a t t e r  s tu d y  and t h a t  o f  brown e t  a l  
( 1 1 7 0 ) r e p o r t e d  a r e d u c t i o n  i n  t r y p s i n o g e n  l e v e l s  o f  th e  
p a n c r e a s  i n  dogs ,  C ra l  and d uodena l  a d m i n i s t r a t i o n  o f  an 
e l e m e n t a l  d i e t  i n  dogs p ro d u c e d  s i g n i f i c a n t  p a n c r e a t i c  s e c r e t i o n  
compared  w i t h  i n t r a v e n o u s  h y p e r a l i m e n t a t i o n  ad th o u g h  l e s s  t h o n  
w i t h  exogenous  c h o l e c y s t o k i n i n  ( K e l ly  and Kahrwold,  1976) and 
i n  a .n o f ’. e r  s t u d y  an  o r a l  e l e m e n t a l  d i e t  p roduce  1 a s t r o n g  
pan c re o zy m in  t y p e  r e s p o n s e  i n  dogs (R ag in s  e t  a l ,  19 7 5 ) .
The e f f e c t  o f  o ' a l  e l e m e n t a l  d i e t s  i n  m.an on p a n c r e a t i c  
s e c r e t i o n  has n o t  been  f u l l y  i n v e s t i g a t e d ,  b u t  e a r l y  c l i n i c a l  
f i n d i n g s  ( . Ic .^ rd le  e t  a l ,  1972; 7 o i t k  e t  a l ,  1975)  s u g g e s t  t h a t  
a m a r re d  r e d u c t i o n  compared w i t h  normal food  o c c u r s ,  which 
c e n t r u s t s  w i t n  t o e  e x p e r i  n e '.ta.1 r e s u l t s  i n  dog" (Rng ins  a t  a l ,  
1975;  K e l l y  and i ;ahr\vold,  1 9 7 6 ) .  Duodenal  and j e j u n a l  amino 
a c i d  p e r f u s i o n  i n  man (Go e t  a l , 1970; R r t r a n  e t  a l , 1971 ) ,  
was shown to  s t i m u l a t e  e x o c r i n e  o r -n c re a t i c  s e c r e t i o n .
AIRS OR 3TÜ.RY
To i n v e s t i g a t e  t h e  e f f e c t  o f  Vivonex on jn n c r e e t i o  f u n c t i o n  
by m e a s u r in g  t h e  t r y p t i c  a c t i v i t y  of  duodena l  c o n t e n t s  a f t e r  o r a l  
i n g e s t i o n  of  Vivonex  and a Lundh t e s t  meal  i n  t h e  sa.me s u b j e c t s .  
T h i s  i s  i m p o r t a n t  f o r  t h r e e  r e a s o n s :
1 .  To p r e d i c t  t h e  p o s s i b l e  v a l u e  o f  Vivonex i n  t r e a t m e n t  i n
a c u t e  p a n c r e a t i t i s .
2.  a l t e r e d  pan c re o zy m in  s t i m u l a t i o n  a l s o  a f f e c t s  g a l l b l a d d e r  
f u n c t i o n  and hence  b i l e  a c i d  m e tabo l i sm .
3 . A l t e r e d  p a n c r e a t i c  and b i l i a r y  s e c r e t i o n  moy a f f e c t  s m a l l
bowel s t r u c t u r e  and f u n c t i o n .
Des i g n  o f  d tudy
F iv e  normal  v o l i m t e e r s  (3 niale,  2 f e m a le )  aged 17-24 y e a r s  
w ere  s t u d i e d .  A f t e r  an  o v e r n i g h t  f a s t ,  a r a d i o - o p a o u e  
(5  irn Û.D.,  5 mm I . D . )  t u b e  w i t h  c o l l e c t i o n  h o l e s  i n  the  t e r m i n a l  
3 cm was p a s s e d  o r a l l y  and t h e  c o l l e c t i o n  p o i n t  p o s i t i o n e d  i n  t h e  
- t h i r d  p a r t  o f  t h e  duodenum u n d e r  r a d i o g r a p h i c  c o n t r o l .  The tu b e  
p o s i t i o n  was checked  a g a i n  a t  t h e  end o f  t h e  c o l l e c t i o n  p e r i o d  t o  
e n s u r e  t h a t  i t  had no t  moved b a c k ,  e s p e c i a l l y  i n t o  t h e  s tomach .
Once t h e  tu b e  was c o r r e c t l y  p o s i t i o n e d  g e n t l e  s u c t i o n  was a p p l i e d  
u s i n g  a. .v 'a tson- la r lov/  pump and b a s a l  duodena l  j u i c e  c o l l e c t e d  
f o r  15 m i n u t e s .  The s u b j e c t s  t h e n  d ran k  e i t h e r  t h e  Lundh t e s t  meal 
o r  Vivonex  (T a b l e  1 0 . l )  and t h e  duodena l  j u i c e  was c o l l e c t e d  f o r  
f o u r  c o n s e c u t i v e  h a l f - h o u r  p e r i o d s  i n t o  i c e .  The volume c o l l e c t e d  
was r ioted and t h e  sam ples  e i t h e r  f r o z e n  a t  -20^0  o r  a s s a y e d  f o r  
t r y p s i n  a c t i v i t y  i m m e d i a t e l y .  Rach s u b j e c t  was s t u d i e d  t w i c e ,  
once f o r  eac c meal, i n  random order ’.
A e  as  li re ment o f  T ry  n s i  ri Ac 1 1 v  i  t y
The method u s e d  was t h a t  d e s c r i b e d  by b i g g i n s  ( 1 9 6 7 ) .
The r a t e  a t  w h ich  i s  l i b e r a t e d  by t h e  h y d r o l y s i s  o f  t h e  
s y n t h e t i c  s u b s t r a t e  N b e n z o y l - L - a r g i n i n e  e t h y l  e s t e r  ( B . A . R . E . ) i s  
m e asu re d  by f i n d i n g  t h e  t im e  t a k e n  t o  n e u t r a l i s e  a  known amount 
of  a l k a l i .  The c o n d i t i o n s  o f  t h e  a s s a y  a r e  s=*t so  t h a t  t h e  ph 
s t a y s  w i t h i n  t h e  r a n g e  7 , 9 - 3 . 4 ,  where cha,ng’es i n  enzyme a c t i v i t y  
w i t h  pll a r e  s m a l l .
The s u b s t r a t e  s o l u t i o n  was p r e p a r e d  by d i s s o l v i n g  0 . 5 g  o f  
B . A . S .E ,  i n  10ml o f  I f ; s o d i u m  b a r b i t u r a t e ,  a d j u s t i n g  t o  pH9 and 
b r i n g i n g  t h e  volume t o  100ml w i t h  d i s t i l l e d  w a t e r .  For  eac h  
a s s a y ,  10ml of  s u b s t r a t e  and l . S i l  a c e t a t e  b u f f e r  (0,051! rH 5 . 3 ,  
c o n t a i n i n g  0.5d'  o f  OaOlp f l i t r e )  v/ere mixed and b r o u g h t  t o  
25^3 i n  a  w a t e r  b a t h ,  on a m a g n e t ic  s t i r r e r  w i t h  t h e  pH e l e c t r o d e  
im m ersed .  An a l i q u o t  ( o .2 m l )  o f  duodena l  sample was t h e n  added 
b r i n g i n g  t h e  pH t o  a b o u t  3 . 5 ,  f a l l i n g  c o n t i n u o u s l y .  When t h e  pH 
was r e a d i n g  3, sodium h y d r o x id e  ( 0 .2ml o f  0.04H Ha OH) was added 
and a s t o r c l o c k  s t a r t e d .  The pH was fo l l o w e d  u n t i l  i t  a g a i n  
r e a c h e d  3 and t h e  s t o p c l o c k w a s  t h e n  s t o p p e d .  The t im e  shown was 
t h a t  d u r i n g  w hich  3 pen H**’ had been  r e l e a s e d .
I f  t h e  t im e  i n t e r ^ / a l  was g r e a t e r  t'man 10 m in u te s  t h e  a s s a y  
was r e p e a t e d  u s i n g  0 . 4 ^ 1  o f  sam ple  and 1.6ml of  b u f f e r .  I f  t h e  
r e a c t i o n  s t i l l  t o o k  l o n v e r  t h a n  10 m inu tes  t h e  r e s u l t  was 
r ec .o rded  as l e s s  t h a n  2pco n l” n in"  .
R e s u l t s  were  c a l c u l a t e d  as  f o l l o w s ;
T r y p s i n  a c t i v i t y  (|.xeq h ' r e l e a s e d  p e r  min p e r  ml oi i n t e s t i n a l  
c o n t e n t s )
= psq  l a 0:1 added  x 1
t im e  (min)  v o l  o f  i n t e s t i n a l  c o n t e n t s  a s s a y e d
3 X 3.
t i m e  v o l  a s s a y e d
A l l  s am p les  v/ere a s s a y e d  i n  d u p l i c a t e  and t h e  mean t r y n t i c  
a c t i v i t y  f o r  t h e  f i r s t  and second  h o u r s ,  t o g e t h e r  w i t h  t h e  mean 
f o r  t h e  e n t i r e  tv-'o hour  p e r i o d ,  was c a l c u l a t e d .
The c o r r e l a t i o n  c o e f f i c i e n t  f o r  d u p l i c a t e  a s s a y s  (21 sam p les )  
was 0 . 9 3 2  and t h e  c o e f f i c i e n t  o f  v a r i a t i o n  was 7 . 6 " ' ( s e e  c h a r t e r  5 
f o r  c a l c u l a t i o n ) .  D i f f e r e n c e s  be tween  r e s u l t s  f o r  t h e  tv/o meals  
f o r  e a c h  s u b j e c t  were compared u s i n g  a  p a i r e d  t - t e s t .
RESULTS
The volume o f  d u o d e n a l  j u i c e  c o l l e c t e d  during- t ^ e  f i r s t  h o u r  
f o l l o w i n g  i n g e s t i o n  o f  t h e  Lundh t e s t  meal was 67  -  45ml (Mean -  SEM 
and a f t e r  Vivonex  25 f  11ml.  D u r in g  t h e  sec  on 1 hou r ,  t h e  volume 
c o l l e c t e d  a f t e r  t h e  Lundh meal  was 43 -  12 ml and f o r  Vivonex 
2 5 , 2  -  14 ml.  The volume c o l l e c t e d  p r o b a b l y  r e f l e c t s  t h e  volume 
o f  t h e  d u o d e n a l  c o n t e n t s ,  a l t h o u g h  i n  t h e  a b s e n c e  of  non-a '- 'sorb a b l e  
d i l u t i o n  m a rke r  ( e g . p o l y e t h y l e n e  g l y c o l ,  4000) no r e l i a b l e  e s t i m a t e  
c an  r e a l l y  be  made.
The mean t r y c t i c  a c t i v i t y  f o r  t h e  f i v e  s u b j e c t s  f o l l o w i n g  the  
Lundh and V: vcnex meals  i s  shown f o r  t h e  two hou r  p e r i o d  ( F i g u r e  
1 0 . l v '  nnd t  .e f i r s t  end second  hou rs  s e p a r a t e l y
( F i g u r e s  1 0 .2  and 1 0 . 5 )  Mean t r y n t i c
a c t i v i t y  o v e r  t h e  two h o u r  n e r i o d  was re d u c e d  by Vivonex  comnared 
w i t h  t h e  Lundh t e s t  meal  i n  f o u r  o f  th e  f i v e  s u b j e c t s  b u t  t h e  
d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  S i m i l a r l y ,  f o r  t ^ r e e  
o f  t h e  f i v e  s u b j e c t s ,  mean t r y p t i c  a c t i v i t y  d u r i n g  t h e  f i r s t  ho u r
a’)
f o l l o w i n g  Vivonex was l e s s  t h a n  f o l l o w i n g  t h e  Lundh meal»
ji ean  t r y p t i c  a c t i v i t y  d u r i n g  tire second  h o u r  was l e s s  
f o l l o w i n g  v ivonex  t h a n  th e  Lundh meal  i n  a l l  f i v e  s u b j e c t s  and 
tlie d i f f e r e n c e  be tw e e n  t h e  two meals  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t  ( p ^  0 , 0 2 5 ) .
LldOUolTOn
The r e s u l t s  o f  t h i s  s t u d y  show t h a t  s i g n i f i c a n t  p a n c r e a t i c  
s t i m u l a t i o n  and s e c r e t i o n  o f  t r y p s i n  o c c u r s  f o l l o w i n g  o r a l  
i n g e s t i o n  o f  t h e  e l e m e n t a l  d i e t  Vivonex i n  normal  h e a l t h y  s u b j e c t s .  
The e l e m e n t a l  d i e t  d o e s ,  however ,  seem t o  have a  l e s s  p r o lo n g e d  
e f f e c t  o r  a l e s s  marked e f f e c t  t h a n  t h e  Lundh meal  used  i n  
s t a n d a r d  p a n c r e a t i c  f u n c t i o n  t e s t s  (Cook e t  a l ,  1967)^? s i n c e  t h e  
t r y p t i c  a c t i v i t y  o f  d u o d e n a l  c o n t e n t s  was s i g n i f i c a n t l y  l e s s ,  
d u r i n g  t h e  s e c o n d  h o u r ,  f o l l o w i n g  Vivonex,  The r e d u c e d  t r y p t i c  
a c t i v i t y  i s  u n l i k e l y  t o  be due t o  d i l u t i o n  o f  d u o d e n a l  c o n t e n t s  
s i n c e  t h e  volume c o l l e c t e d  a f t e r  Vivonex was l e s s  t h a n  a f t e r  
t h e  Lundh meal .
T hese  r e s u l t s  a r e  i n  a g r e e n e n t  w i t h  a r e c e n t l y  p u b l i s h e d  
s t u d y  i n  human s u b j e c t s  (V idon  e t  a l ,  1973) where  l o w e r  
c h y m o t r y p s i n  s e c r e t i o n  was p roduced  by c o n t i n u o u s  j e j u n a l  p e r f u s i o n  
o f  / i v o n e x  t h a n  by an  e o u i c a l o r i c  i n f u s i o n  o f  c r u s h e d  food 
h om oge na te .  t h e s e  w o rk e r s  c o n c l u d e d  t h a t  t h e  s t i m u l a t i v e  e f f e c t  
on t h e  p a n c r e a s  c o u l i  be d i r e c t l y  r e l a t e d  to  th e  n i t r o r e n  l o a d .
The r e d u c e d  t r y p t i c  a c t i v i t y  d u r i n g  t h e  second  h o u r  o f  t h i s  s t u h r  
may t h e r e f o r e  be due t o  t h e  dower n i t r o g e n  c o n t e n t  o f  t h e  Vivonex  
compared  w i t h  t h e  nimdh t e s t  meal .
J e j u n a l  and d u o d e n a l  p e r f u s i o n  w i t h  amino a c i d s  rn c been  shown 
t o  s t i m u l a t e  p a n c r e a t i c  s e c r e t i o n  o f  enzymes t o  t h e  same e x t e n t
as  endogenous  c h o l e c y s to k in i n - p a n o r e o z y .T i i n  (Go c t  a l ,  1970;
R r t r a n  e t  a l ,  1971)  b n t  i n t r a g a s t r i c  a d m i n i s t r a t i o n  o f  amino 
a c i d s  i n  a p a t i e n t  w i t h  b i l i a r y  and p a n c r e a t i c  f i s t u l a  r e s u l t e d  
i n  no s t i m u l a t i o n  o f  n a n c r e a t i c  s e c r e t i o n  (ka.gins e t  a l ,  1975) 
and  f i v e  o u t  o f  s i x  p a t i e n t s  w i t h  c o m p l i c a t e d  n e n c r e a t i t i s  were 
s u c c e s s f u l l y  t r e a t e d  w i t h  t h e  e l e n e n t a l  d i e t  F l e x i c a l  i n t r a -  
g a s t r i c a l l y  ( V o i t k  e t  a l ,  1975)•  I n t r a j e j u n a l  g l u c o s e  i n h i b i t s  
p a n c r e a t i c  s e c r e t i o n  i n  man (D;\'-ck, 1971) and th e  h ig h  g lu c o s e  
c o n t e n t  o f  V ivonex  may a l s o  be a  f a c t o r  i n  t h e  r e d u c e d  t r y n t i c  
a c t i v i t y  fouiid i n  t h i s  s t u d y .
Thus a l t h o u g h  amino a c i d s  a r e  p o t e n t  s t i m u l a t o r s  of  
p a n c r e a t i c  s e c r e t i o n  when i n f u s e d  i n t o  t h e  u p n e r  s m a l l  i n t e s t i n e  
i n  man, i n t r a g a s t r i e  a d m i n i s t r a t i o n  o f  amino a c i d s  a l o n e ,  o r  as  
components  o f  an  e l e m e n t a l  d i e t  as  i n  t h i s  s t u d y ,  r e s u l t s  i n  
a l e s s  marked s t i m u l a t i o n  o f  p a n c r e a t i c  s e c r e t i o n .
The r e d u c e d  s t i m u l a t i o n  o f  t r y p s i n  s e c r e t i o n  by Vivonex 
o b s e r v e d  i n  t h e  s tu d y  i n d i c a t e s  a  re d u c e d  c h o l e c y s t o k i n i n -  
p a n c r e o s y . a in  r e s p o n s e  (Go e t  a l ,  1970) ,  which  would a l s o  r ed u ce  
g a l l b l a d d e r  s t i m u l a t i o n ,  as  s u g g e s t e d  by t h e  r e s u l t s  of  Vivonex 
f e e d i n g  on f a e c a l  b i l e  a c i d  e x c r e t i o n  i n  man ( l h a p t e r  ? ) .  A 
r e d u c t i o n  i n  p a n c r e a t i c  and b i l i a r y  s e c r e t i o n  ley  a l s o  a f f e c t  
s m a l l  bowel s t r u c t u r e  and f u n c t i o n  (Altmann,  1971;  V e s e r  e t  a l ,  
1 9 7 7 ; T c k n a u e r  e t  a l ,  197 3).
S i n c e  s i g n i f i c a n t  s t i m u l a t i o n  o f  t r y p s i n  s e c r e t i o n  d i d  o c c u r  
w i t h  V ivonex  i t  does  n o t  seem t o  o f f e r  a  v i a b l e  a l t e r n a t i v e  
t o  i n t r a v e n o u s  f e e d i n g  f o r  t h e  t r e a t m e n t  o f  an a c u t e  a t t a c k  of  
p a n c r e a t i t i s ,  a l t h o u g h  i t  may be h e l p f u l  i n  p a t i e n t s  u n s u i t a b l e  
f o r  i n t r a v e n o u s  n u t r i t i o n .
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[■lORPHOLOlY OF RAT JFJUÎIÏÏH, AND ILEUM
The i m p o r t a n c e  of  o r a l  r a t h e r  t h a n  i n t r a v e n o n e  n u t r i t i o n  i n  
m a i n t a i n i n g  normal  g u t  mass and f u n c t i o n  has  been  d e m o n s t r a t e d  i n  
r a t s  ( i i e v in e  e t  a l ,  1974;  Jo h n so n  e t  a l ,  1975) and dogs ( Teldman 
e t  a l ,  197'c) .  V i l l u s  h e i g h t  and c r y p t  h e i g h t  were  measured  by 
Lev ine  e t  a l  ( l 9 7 4 )  a n i  fo u n d  t o  be r e d u c e d  i n  t h e  je junum of 
i n t r a v e n o u s l y  f e d  r a t s  b u t  n o t  i n  t h e  i l e u m .  Bynassed  jejunirm i n  
o r a l l y  f e d  r a t s  showed r e d u c e d  v i l l u s  h e i g h t  and d e c r e a s e d  
a b s o r p t i o n  of  g l u c o s e  (C-leeson o t  a l ,  1972) and t h e s e  changes  
were  a l s o  a t t r i b u t e d  t o  l a c k  o f  l u m in a l  n u t r i t i o n .  F o l lo w in g  
j e j u n a l  r e s e c t i o n ,  v i l l u s  hel-Hmt and a b s o r n t i v e  f u n c t i o n  o f  t h e  
r e s i d u a l  r a t  i l e u m  i n c r e a s e ,  and t h e  i n c r e a s e d  n u t r i e n t  lo a d  
r e a c h i n g  t h e  i l e u m  has  been  i m p l i c a t e d  i n  t h e s e  a d a p t i v e  changes  
( b o w l i n g  and B oo th ,  1967) .  S i m i l a r  changes  were a l s o  found when 
t h e  je junum and i l e u m  were t r a n s r o s e d  ( b o w l in g  and Booth ,  I 9 6 7 ) .  
The n e c e s s i t y  o f  o r a l  o r  l u m i n a l  n u t r i t i o n  f o r  t h e  a d a . r t i v e  
c h a n g e s  f o l l o w i n g  p a r t i a l  s m a l l  bowel r e s e c t i o n  has  a l s o  been  
d e : o n s t r a t e d  i n  t h e  dog,  u s i n g  i n t r a v e n o u s l y  f e d  c o n t r o l s  
(Fe ldman e t  a l ,  1976 ) .
,, The e f f e c t  o f  d i f f e r e n t  t ' - p e s  o f  o r a l  n u t r i t i o n ,  and i n  
p a r t i c u l a r  t h e  i n f l u e n c e  o f  e l e n e n t a l  d i e t s ,  on s m a l l  bowel 
s t r u c t u r e  and f u n c t i o n  has no t  been  f u l l y  i n v e s t i g a t e d .  E lem en ta l  
d i e t s  were snown t o  be b e n e f i c i a l  d u r i n g  t h e  a d a n t i v e  phase  o f  
s h o r t  g u t  syndrome i n  man ( V o i tk  e t  a l ,  1 9 7 5 ) snd have been  used  
f o r  n u t r i t i o n a l  s u p p o r t  i n  C rohn ' s  d i s e e s e  (Goode e t  a l ,  1976) 
b u t  t h e s e  a r e  e s s e n t i a l l y  u n c o n t r o l l e d  c l i n i c a l  s t u d i e s .
Animal s t u d i e s  have  shown t h a t  r a t s  r e c o v e r e d  t h e i r  normal 
a r p e t i t c  much f a s t e r  a f t e r  abdominal  i r r a d i a t i o n  '-'hen f e d  an 
e l e m e n t a l  d i e t  (P a g e au ,  1975 ) ,  "^ .nd a d i e t  c o n t a i n i n g  h y d r o l y s e d
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c a s e i n  promoted  f a s t e r  r e c o v e r y  o f  t h e  i n t e s t i n a l  mucosa i n  
i r r a d i a t e i  mice t h a n  whole c a s e i n  o r  normal  r a t  chov (huggon ,  1976) .  
,vork p u b l i s h e d  i n  a b s t r a c t  form has  shown, i n  t h e  dog,  t h a t  
r e r f u s i o n  o f  T h i r y -V e l l a .  l o o p s  w i t h  Vivonex r e s u l t s  i n  i n c r e a s e d  
v i l l u s  h e i g h t  compared w i t h  s a l i n e  p e r f u s e d  and u n i n f u s e d  loops  
( J a c o b s  e t  a l ,  1 9 7 5 ) .
AIM OF STÜD7
1, To i n v e s t i g a t e  t h e  e f f e c t  of  f e e d i n g  t h e  e l e m e n t a l  d i e t
Vivonex  on th e  morphology o f  normal r a t  j e junum .
2. To compare t h e  e f f e c t s  o f  Vivonex and F l e x i c a l  f e e d i n g
f o r  one month on t h e  morphology  o f  r a t  j e j u n u a  and i l e u m .
PrpnpT- " 'AT,t  ^S- -  J  «. t  1.  k *  . - . ' « « À  Jv-1 •
Groups of .udied
P-9rt 1 T h re e  g ro u p s  o f  t w e l v e  r a t s  were s t u d i e d  f o r  t h r e e  months 
w i t h  e o u a l  numbers i n  each  group  f e d  Vivonex  and normal 
r a t  d i e t  (Oxoid  J I B ) .  These r a t s  (Greups  2 ,5  and 4)  were 
housed  i n  m e t a b o l i c  c a g e s  and a l s o  used, f o r  s t u d i e s  of  
f a e c a l  b i l e  a c i d  e x c r e t i o n  ( J h a n t e r  6 ) ,  A f u r t h e r  group  
o f  r a t s  was s t u d i e d  f o r  one month w i t h  f o u r  f e d  Vivonex 
and f o u r  t . ie  c o n t r o l  d i e t  (Group 6)  »
J e j u n a l  morphology wes examined i n  t h e s e  r a t s  on 5cm 
segments  o f  s u a l 1 i n t e s t i n e  t a k e n  50 cm d i s t a l  t o  t h e  
p y l o r u s .
P a r t  2 Two g ro u p s  o f  e i g h t e e n  r a t s  (Grouns 7 and 3) w i t h  eo u a l  
numbers f e d  Vivonex,  “l e x i c a l  and c o n t r o l  d i e t ,  were 
s t ' i d l e d  f o r  a  p e r i o i  o f  one month.  These  r a t s  were housed  
i n  normo.1 c a g e s  w i t h  wide mesh b o t to m s ,  J e ju n .a l  and 
i l e a l  m.orpholo.y/ was examined a f t e r  n o r f u s i o n  o f  t h e  jejunum 
( C h a p t e r  1 5 / .  The seg.ment of  je junum  was t a k e n  from th e
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raid p o i n t  o f  t h e  p e r f u s e d  s e g n e n t  ( 2 b - 50om from p y l o r u s )  
and  i l e u m  was t a k e n  50cm p ro x im a l  t o  t h e  i l e o - c a e c e l  
v a l v e
■■let hods
The segm ents  o f  s m a l l  i n t e s t i n e  ( 5cm) were  im m e d i a t e l y  f ixed- 
i n  f o r m o l - s a l i n e ,  c u t  l o n g t i t u d i n a l l y  i n  h a l f  and embedded i n  
p a r a f f i n .  l e c t i o n s  5"7 .^  ^ t h i c k  were c u t  g i v i n g  f o u r  s t r i p s  p e r  
s e c t i o n ,  and  s t a i n e d  w i t h  s t a n d a r d  H aem a toxy l in  and E o s in .  V i l l u s  
h e i g h t  and c r y p t  h e i g h t  were  measured  u s i n g  a c a l i b r a t e d  L e i t z  
m i c r o m e t e r  e y e p i e c e  (xlO-) and a  t o t a l  m a g n i f i c a t i o n  o f  xlOO. Only 
w e l l  o r i e n t a t e d  i n t a c t  v i l l i  and c r y p t s  n e r p e n d i c u l a r  t o  t h e  la m in a  
m u s c u l a r i s  were  m easu red .  Between 12 and 20 ^measurements were  
made f o r  each  s e c t i o n ,  u s u a l l y  15 -16  v i l l i  b e i n g  measured ,  and th e  
r e s u l t s  e x p r e s s e d  i n  The c r y p t  h e i g h t  was d i v i d e d  by t h e
v i l l u s  h e i g h t  t o  g iv e  t h e  r a t i o .
Dr. F,  D. Lee ,  C o n s u l t a n t  i n  t h e  Depar tm ent o f  P a t h o l o g y  a t  
Glasgow Royal  I n f i r m a r y ,  k i n d l y  a r r a n g e d  n r e n a r a t i o n  o f  t h e  
s pec im ens  o f  s m a l l  i n t e s t i n e  i n  h i s  d e p a r t m e n t .  The s e c t i o n s  were 
examined  q u a l i t a t i v e l y  by m y s e l f  and as a  r e s u l t  o f  t h e  obv ious  
v i s u a l  change s  Dr Lee k i n d l y  pe r fo rm e d  t h e  measurements  o f  v i . l l u s  
and c r;rp t  he i  g h t .
S t a t i s t i cs
The s i g n i f i c a n c e  o f  d i f f e r e n c e s  be tween c o n t r o l  and e l e m e n t a l  
d i e t  f e d  r a t s  was a n a l y s e d  u s i n g  V / i lcoxon 's  Cum o f  Ranks t e s t  and 
co m p a r i s o n s  o f  t h e  .je.iunum and i l eum  i n  t h e  s a n e  r a t s  a n a l y s e d  
u s i n g  f i l c o x o n ' c  C i - -ned Ranks t e s t  ( L a n g l e y ,  196 3 ) ,
The w e i g h t - g a i n  of  t h e  r a t s  i n  Groups 2-4  and 7 and 3 h^s 
been  d e t a i l e d  e l s e w c e r e  ( C n a n t e r s  6 and I p ) .  Vivonex f e d  r a t s
i n  some g roups  s'^ov/ed an i n i t i a l  r e d u c t i o n  i n  w e ig h t  g a in  b u t  by 
t h e  end of  t h e  s t u d i e s ,  body w e ig h t  o f  t h e  e l e m e n t a l  d i e t  f e d  r a t s  
was e i t h e r  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l s  o r ,  i n  
some c a s e s ,  was i n  f a c t  g r e a t e r  t h a n  t h e  c o n t r o l s .  I n  no i n s t a n c e  
was t h e  w e ig h t  o f  t h e  c o n t r o l s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  of  
t h e  r a t s  f e d  an e l e n e n t a l  d i e t .  The r e s u l t s  f o r  g roup  6 r a t s
showed t h e  same n a . t t e r n  w i t h  no s i g n i f i c a n t  d i f f e r e n c e  be tween t h e
f i n a l  w e ig h t  o f  c o n t r o l s  and Vivonex f e d  r a t s  a t  th.e end o f  t h e
month .  Mean (T Slid) w e ig h t  f o r  t h e  c o n t r o l s  was 273 -  12g and
262  -  7& f o r  t h e  r a t s  f e d  V ivonex .
P a r t  1
The r e s u l t s  o f  V ivonex f e e d i n g  f o r  t h r e e  months on j e j u n a l  
v i l l u s  h e i g h t  (V;i) , c r y p t  h e i g h t  (OH) and t h e  c r y u t  h e i g h t :  v i l l u s  
h e i g h t  ( OH:Vn) r a t i o  f o r  g roups  2 ,5  and 4 a r e  shown i n  T a b le s
1 1 . 1 ,  1 1 .2  and 1 1 . 5 '  The r a t i o  of  IH t o  VH was s i g n i f i c a n t l y  
r e d u c e d  i n  t h e  je junum  o f  t h e  r a t s  f e d  Vivonex compared w i t h  
c o n t r o l s  i n  each  group ( P < ( 0 .0 1  i n  ea c h  c a s e ) .  V i l l u s  h e i g h t  
was s i g n i f i c a n t l y  i n c r e a s e d  f o r  t h e  Vivonex  f e d  r a t s  i n  each  
g roup  (p <^0 . 0 5 , p ^ O . O l  and n<(‘0 . 0 5 , r e s p e c t i v e l y )  b u t  t h e  
r e d u c t i o n s  i n  c r y p t  h e i g h t  were no t  s i g n i f i c a n t .  Mhen t h e  r e s u l t s  
f o r  t h e  t h r e e  g roups  were combined (Tgb le  1 1 . 4 )  t h e  r e d u c t i o n  
i n  c r y p t  h e i g h t  v/as j u s t  s i g n i f i c a n t  (p ^ 0 . 0 5 ) and t h e  i n c r e a s e d  
v i l l u s  h e i g h t  and d e c r e a s e d  Oc:VH r a t i o  were h i g h l y  s i g n i f i c a n t  
(p  <^0.002 i n  ea c n  c a s e ) .
The r e s u l t s  f o r  Grouu 6 (T a b le  1 1 . 5 )  d e m o n s t r a t e  t h a t  t h e s e  
d i f f e r e n c e s  o c c u r  a f t e r  one month o f  Vivonex f e e d i n g .  The l u : 
r a t i o  'w s s i g n i f i c a n t l y  r ednce d  from 0 . 2 5  -  0 . 0 2  j x n  i n  t h e  c o n t r o l s  
t o  0 . 1 7  " 0 . 0 0  j x : \  i n  t ' l e  r - t s  f ed  Vivonex ( p < ( 0 . 0 5 ) .  The 
h i s t o l o  d e a l  a p p e a r a n c e  o f  t ’-3 je junum of a c o n t r o l  and V iv u n c '
f e d  r a t  a r e  shown i n  F i g u r e  1 1 . 1 .
F e r t  2
The r e s u l t s  f o r  t h e  e f f e c t s  o f  one month o f  Vivonex and 
F l e x i c a l  f e e d i n g  on j e j ' x n a l  moruholoay  a r e  shown i n  T a b le  11 ,6  
(Group 7) an 1 T a b le  1 1 ,7  (Group 3 ) .  T he re  were no s i g n i f i c a n t  
d i f f e r e n c e s  be tw een  t h e  r a t s  f e d  Vivonex and t h o s e  f e d  F l e x i c a l ,
The GF:VF r a t i o  was s i g n i f i c a n t l y  r e d u c e d  i n  t h e  Vivonex  and 
F l e x i c a l  f e d  r a t s  compared w i th  c o n t r o l s  i n  Group 7 (p*4 0 . 0 1 ,  
p <(^ 0 . 0 5 ) and Group 8 (p<(0 * 0 1 ,  p ^ ' O . O l ) .  V i l l u s  h e i g h t  v/as 
s i g n i f i c a n t l y  i n c r e a s e d  from 563 -  9 |rm (Mean 1 SEM) f o r  t h e  
c o n t r o l s  of  g roup  7 t o  4 6 5 -  21 j i m  f o r  t h e  r a t s  f e d  Vivonex 
( p ^ O . O l )  and  475 f  13 j i n  f o r  t h o s e  f e d  F l e x i c a l  (p < ^ '0 ,0 l )  b u t  
i n  Group 3 t h e  i n c r e a s e  i n  v i l l u s  h e i g h t  was n o t  s i g n i f i c a n t .
The r e s u l t s  (Mean -  GMM) f o r  t h e  two g roups  combined a r e  shown 
i n  T a b l e  1 1 . 3 .  J e j u n a l  v i l l u s  h e i g h t  was s i g n i f i c a n t l y  i n c r e a s e d  
f rom 594 “ 25 j m  i n  t h e  c o n t r o l s  t o  506 -  21 j m  i n  t h e  r a t s  f e d  
Vivonex  and 495 -  19 |rm i n  t h e  r a t s  f e d  F l e x i c a l  (p<C.0,002 i n  
e a c h  c a s e ) .  The r a t i o  was r ed u ce d  from O .5I  - 0 ,02  i n  t h e
c o n t r o l s  t o  0 , 2 2  V 0 , 0 1  i n  t h e  r a t s  f ed  Vivonex and F l z x i c a l  
(p<C.0,002 i n  ea c h  c ^ s e ) .  The r e d u c t i o n  i n  OH was n o t  s t a t i s t i c a l l y  
s i y n i f i c c n t ,  b u i  was t h e  same f o r  t h e  two e l e m e n t a l  d i e t s .
The r e s u l t s  f o r  i l e a l  morpholo  y  a r e  sho’ci i n  Tab le  11 .9
groun
f o r  group 7 and T a b le  11 .10  f o r ^ d  r a t s .  The changes  o b s e rv e d  i n  
t h e  i l e u m  f o r  t h e  e l e m e n t a l  d i e t  f e d  r a t s  a r e  s i m i l a r  t e  t h o s e  
f o r  t x e  je junum and a ^ a i n  t  ' e r e  were no s i - " n i f ic-'^nt d i f f e r e n c e s  
be tw een  t h e  tv/o e l e m e n t a l  d i e t s .  The JH:Vn r a t i o  v/as r ed u ce d  
i n  t h e  V ivsnsx  and F l e x i c a l  f e d  r ^ t s  compared w i t h  c o n t r o l s  i n  
b o t h  g ro u p s  7 end 3, a l t h o u g h  t ^ e  r e d a c t i o n  f o r  t h e  Vivonex f e d  
r a t s  i n  group  7 was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The r e s u l t s
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f o r  t h e  two g ro u p s  a r e  combined i n  T ab le  11 .11  and i t  can  be s e e n  
t h a t  t h e  changes  in d u c e d  i n  i l e a l  morpholooy by e l e m e n t a l  d i e t  
f e e d i n g  a r e  s i m i l a r  t o  t h o s e  f o r  j e j u n a l  morphology (T a b le  1 1 . 3 ) .  
The r a t i o  was s i g n i f i c a n t l y  r ed u ce d  i n  t h e  i l e u m  of  t h e  r a t s
f e d  Vivonex  and F l e x i c a l  ( p < j 0 ,0 0 2 )  a s  a  r e s u l t  o f  a  s i g n i f i c a n t  
i n c r e a s e  i n  v i l l u s  h e i g h t  (p j^Ch002)  and decrea .se  i n  c r y p t  h e i g h t  
(t) <(0 . 0 5 ) compared w i t h  t h e  c o n t r o l s .
V/hen t h e  morphology o f  t h e  je junum and i l e u m  of  i n d i v i d u a l  
r a t s  was compared  (V.ulcoxons d igne d  Ranks t e s t ) ,  f o r  ea c h  o f  t h e  
t h r e e  p a r a m e t e r s  ( VFl, OH and OH:VH), no s i g n i f i c a n t  d i f f e r e n c e  i n  
v i l l u s  h e i g h t  be tween  t h e  i l e u m  and je junum was found f o r  any o f  
t h e  d i e t s  ( T a b l e  1 1 . 1 2 ) .  However,  c r y p t  h e i g h t  and th e  CHtVH 
r a t i o  were  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  i l eu m  t h a n  je junum of  
C o n t r o l  and F l e x i c a l  f e d  r a t s  (p</ '0 .05  i n  a l l  c ' - s e s ) ,  bu t  no t  
s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  r a t s  f e d  V ivonex .
DIGIUSSIOH
The r e s u l t s  f o r  P a r t  1 o f  t h i s  s t u d y  d e m o n s t r a t e  t h a t  Vivonex 
f e e d i n g  p r o d u c e s  a marked r e d a c t i o n  i n  t h e  J:i:VH r a t i o  o f  r a t  
j e ju n u m ,  m a in ly  as a  r e s u l t  o f  i n c r e a s e d  v i l l u s  heigh, t  b u t  w i t h  
r e d u c e d  c r y p t  h e i g h t  a l s o  c o n t r i b u t i n g .  I n  P a r t  2 i t  was 
d e m o n s t r a t e d  t h a t  F l e x i c a l  p ro d u ces  t h e  same r e s u l t s  as  Vivonex 
a f t e r  one month o f  f e e d i n ?. o h o r t e r  f e e d i n g  p e r i o d s ,  have n o t  
been  i n v e s t i g a t e d  s i n c e  two o r  t ' c r e e  weeks seem t o  be r e n u i r e d  fo r  
t o e  r a t s  t o  become a d j u s t e d  t o  t h e  e l e m e n t a l  d i e t s  and t o  g a i n  
w e ig h t  s a t i s f a c t o r i l y .
Ko c e l l  k i n e t i c  s t u d i e s  have been  c a r r i e d  ou t  i n  t h i s  s t u d y ,  
bu t  t h e  m arred  r e d u c t i o n  i n  3 1 :7 h  r a t i o  s u g g e s t s  improved  s u r v i v a l  
o f  t o e  . ' .n ture e n t o r o c y t e  p o p u l a t i o n  as  r e s u l t  of  e l e m e n t a l  d i e t  
f e e d i n g .  The f u n c t i o n a l  v i l l u s  c e l l  p o p u l a t i o n  may c o n t r o l  t h e
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r e g u l a t i o n  o f  c e l l  p r o l i f e r a t i o n  and iir; t u r o . t i o n  i n  t h e  c r y o t  by 
a  f e e d b a c k  ;nechanis  a ( C a l j a a r d  e t  a l ,  1972; R i j k e  e t  a l ,  1976)» 
Changes i n  ChtVK r a t i o  s i m i l a r  t o  t h e s e  i n  t h e  ra . ts  f e d  e l e m e n t a l  
d i e t s  were found  i n  g e r m - f r e e  r a t s  and 3H th y m id in e  l a b e l l i n g  
showed an  i n c r e a s e  i n  v i l l u s  t r a n s i t  t im e  i n  germ f r e e  a n im a l s  
( G a l j a a r d  e t  a l ,  1 9 7 2 ) ,  S i m i l a r  r e s u l t s  imve b e e n  r e p o r t e d  f o r  
g e r m - f r e e  mice (Abrams e t  a l ,  1 9 6 ) ) .  Thus c e l l  t u r n o v e r  may be 
r e d u c e d  i n  t h e  e l e m e n t a l  d i e t  f e d  r a t s ,  and t h i s  may be due t o  
a x i  a l t e r a t i o n  of  b a c t e r i a l  f l o r a .
H y p o p l a s i a  w i t h  r e d u c e d  v i l l u s  h e i g h t  i n  b y p a s s e d  lo o p s  of 
dog je junum  was p r e v e n t e d  by s a l i n e  p e r f u s i o n  and Vivonex 
p e r f u s i o n  was found  t o  i n c r e a s e  v i l l u s  h e i g h t  ( J a c o b s  e t  a l ,  1975) .  
J o^ m easurem ents  o f  c r y p t  h e i g h t  were r e p o r t e d  i n  t h i s  a b s t r a c t  
and  i t  may have b e e n  a  h y p e r p l a s t i c  r e s p o n s e  w i t h  i n c r e a s e d  
c r y p t  h e i g h t  as  w e l l ,  r a t h e r  t h a n  an a l t e r a t i o n  o f  JHîVH r a t i o .
The i n c r e a s e d  v i l l u s  h e i g h t  i s  i n  agreement  w i t h  t h e  r e s u l t s  of  
t h i s  s tud,y,  however .  Two g roups  o f  w orke rs  have r e c e n t l y  
p u b l i s h e d  work i n  a b s t r a c t  form shov/ing a r ed u ce d  v i l l u s  h e i g h t  
and s m a l l  bowel mess i n  r a t s  f e d  Vivonex b u t  t h e s e  were s h o r t  
t e rm  s t u i i e s  o f  3 days and two weeks and t h e  r a t s  f e d  t h e  e l e m e n t a l  
d i e t s  had n o t  g a i n e d  w e ig h t  as  w e l l  as  t h e  c o n t r o l s  ( i c k n a u e r  
e t  a l ,  1975  b ;  Young e t  a l ,  1973) ,  which may a c c o u n t  f o r  t h e  
d i f f e r e n t  r e s u l t s .  The l..T:V:ï r a t i o  was r e d u c e d  i n  t h e  Vivonex 
f e d  r a t s  i n  t h e  f i r s t  o f  t h e s e  s t u d i e s ,  however.
F a c t o r s  o t h e r  t h a n  a l t e r a t i o n  o f  b a c t e r i a l  f l o r a  which may 
r e s u l t  i n  a l t e r a t i o n  o f  t h e  1 m;VH r a t i o  d u r i n g  e l e m e n t a l  d i e t  
f e e d i n g  i n c l u d e  r e d  iced  p h y s i c a l  s t r e s s  w i t h  a. z e r o  r e s i d u e  d i e t ,  
enhanced  l u m i n a l  n u t r i t i o n ,  a l t e r a t i o n  of  p a n c r e a t i c  and b i l i a r y  
s e c r e t i o n s  and changes  i n  t h e  hormonal  o r  n e u r o v a s c u l a r
r e g u l a t i o n  o f  grmt s t r u c t u r e  and f u n c t i o n .
B i l e  and n a n c r e a t i c  s e c r e t i o n s  have been  shown t o  Evbimilate 
m ucosa l  g row th  i n  r a t  i l e u a  (Altmann,  1971; ' J e s c r  e t  a l ,  1977) 
and i n t r a v e n o u s  c h o l e c y s t o k i n i n  p l u s  s e c r e t i n  p r e v e n t e d  t h e  
mucosa l  h y p o p la s i a ,  o f  i n t r a v e n o u s  n u t r i t i o n  i n  dogs (Hughes e t  a l ,  
1 9 7 3 ) .  However,  i t  i s  p r o b a b l e  t h a t  i f  b i l i a r y  and p a n c r e a t i c  
s e c r e t i o n  i s  a l t e r e d  d u r i n g  e l e m e n t a l  d i e t  f e e d i n g  t ^ e n  i t  i s  a  
r e d u c t i o n  r a t h e r  t h a n  an i n c r e a s e  t h e t  o ccu r s  ( C h a n t e r s  9 and lO ) .  
I n d i r e c t  e f f e c t s  o f  i n t r a l u m i n a l  n u t r i t i o n  i n  m a i n t a i n i n g  gu t  
mass have  been  d e m o n s t r a t e d  by com par ing  b y p a s s e d  i n t e s t i n e  i n  
o r a l l y  and i n t r a v e n o u s l y  f e d  r a t s  (bw ork in  e t  a l ,  1976;  Adams e t  a l ,  
1 9 7 3 ) and u n i d e n t i f i e d  hormonal  and n e u r o v a s c u l a r  f a c t o r s  
i m p l i c a t e d ,  These  f a c t o r s  may be a l t e r e d  by e l e m e n t a l  d i e t  
f e e d i n g .  D i r e c t  e f f e c t s  o f  d e x t r o s e  and amino a c i d  i n f u s i o n  on 
g u t  mass have b e e n  d e m o n s t r a t e d  i n  i n t r a .v e n o u s l y  n o u r i s h e d  i n t a c t  
r a t s  ( C p e c t o r  e t  a l ,  1977) and i t  i s  p o s s i b l e  t h a t  t h e  c o m n o s i t i o n  
o f  t h e  e l e m e n t a l  d i e t s  enhance  t h e s e  d i r e c t  e f f e c t s  o f  o r a l  
n u t r i t i o n .
The f i n d i n g  t h a t  t h e  I f  t o  VH. r a t i o  i s  r ed u ce d  i n  t h e  i l eu m  
as  w e l l  as  t  :e je junum  d u r i n g  e l e m e n t a l  d i e t  f e e d i n g  f a v o u r s  a 
ho rmonal  o r  n e u r o v a s c u l a r  mechanism, s i n c e  d i r e c t  e f f e c t s  of  l u m in a l  
n u t r i t i o n  o r  n a n c r e c t i c  a n i  b i l i a r y  s e c r e t i o n s  would  no t  be 
e x g e c te d  t o  i n f l u e n c e  t h e  d i s t a l  s m a l l  bowel.  Lack o f  r e s i d u e  i n  
t - ' . e  e l e m e n t a l  d i e t s  r e s u l t i n g  i n  r educe d  p h y s i c a l  s t r e s s ,  o r  i n  
f a c t  an  a l t e r a t i o n  o f  b . a c t e r i a l  f l o r a ,  c o u l d  a l ^ o  a.cc-^'int f o r  t h e  
i l e a l  ch a n c e s  i n  a d d i t i o n  t o  t h o s e  i n  t h e  je junum,
Tne e f f e c t s  o f  Vivonex on t ^ e  i l eum  a r e  v r e a t e r  t h e n  t h o s e  
o f  F l e x i c a l  as  r e f l e c t e d  by t h e  l a c k  of  a s i g n i f i c a n t  i n c r e a s e
i n  i l e a l  c r y p t  h e i p i t ,  oonn'- ' rel  w i t h  t h e  of  t h e  r a t s
f e d  V iv o n e x . T h i s  d i f f e r e n c e  be tween  t h e  two d i e t s  c o u l d  be 
n i e d i a t e i  by d i f f e r e n t  a l t e r a t i o n  o f  h o rn o n a l  o r  neurovascu l^^r  
f a c t o r s  o r  o f  t h e  b a c t e r i a l  f l o r a .
The r e l a t i v e  im p o r t a n c e  o f  t h e s e  d i f f e r e n t  f a c t o r s ,  v/liich 
i n c l u d e  a l t e r e d  hormonal  o r  n e u r o v a s c u l a r  r e g u l a t i o n ,  r educed  
p h y s i c a l  s t r e s s  w i t h  low r e s i d u e  d i e t s ,  a l t e r a t i o n  o f  b a c t e r i a l  
f l o r a  and p o s s i b l e  d i r e c t  e f f e c t s  of  l u m in a l  n u t r i t i o n ,  canno t  
be a s s e s s e d  from t h e  r e s u l t s  of  t h i s  s t u d y  b u t  e l e m e n t a l  d i e t  
f e e d i n g  a p p a r e n t l y  improves  e n t e r o c y t e  s u r v i v a l  t h r o u g h o u t  t h e  
s m a l l  i n t e s t i n e .
■FIGURT 1 1 , 1 :ïI 3T0L 0 1 I : AL APPEARARC3 OF T-3  JEJlfTlM 
Of A COI-rrHOL AlO VIVOÜEf FED RAT
L o n g t i t u d i n a l  s e c t i o n s  of  je junum ^ t a n n e d  
w i t h  R aem a to x y l in  and E o s i n .
C o n t r o l  r a t  on l e f t ,  Y i v o n e x - f e d  on r i g h t ,  
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C ry p t  Heifj-ht 0 .3 6 0 . 2 5 * * 0.24%*
V i l l u s  H e ig h t t o . 02 t o .  02 t o . o i
*% < 0 .0 5
< 0 . 0 0 2
TABLO 1 1 .1 1
S i g n i f i c a n c e  o f  d i f f e r e n c e  from C o n t r o l  v a l u e
CO/ISIUSD RfScLTo FOR GROUP 7 AFO S RATS: 3FFECT OF
AFP f l a :c i : al f  czoiFO f o i  oirs f o fcf cir i f f  mofpiiclo' y^ c?
RAT ILRUF
V a lu e s  a r e  Mea.n -  3FF
plornlq o l  0 ' d e a l  
Para l e t e r
D i e t a r v
Group
Si u i i f  i c  a no e _of _d i  f  f  e ipen q_o 
be tween  ile--im and jedunum
' v i l l u s  h e i g h t C o n t r o l  
Vivo nex 
F l e x i c a l
h o t  s i g n i f i c a n t  
ho t  s i g n i f i c a n t  
Not s i g n i f i c a n t
Cryp t  h e i g h t C o n t r o l  
Vi von ex­
p i e  x i  ; a l
n <' O.OS^ileuiu > ,ie.iunum 
h o t  s i i x n i f i c a n t  
p ^ O .O d g i l e u m ^  je junum
nGight  
V i l l u s  h e i g h t
C o n t r o l
Vivonex
F l e x i o n !
p -<0.055  iÏGum > je junum  
Not s i g n i f i c a u t  
p <<0 . 0 5p i  1 eum > je junum
TA5LC 11 . 1 2
CC:gàlISOi: of XOIP-OLOIY 07 RAT J7JUFIT4 AFP ILHlT-l I N 
lOIFlOL IVTo AFP ''M03C 7:10 V17CF0C A;7) FLFIIOAL
P a ir e d  measurements o f  v i l l u s  h e ig h t ,  cryp t  h e ig h t  and th e  
c r y p t  h e ig h t  : v i l l u s  h e i g ’i t  r a t i o  f o r  the  jejmuim and i leum  
of the  rat?  i n  Croups 7 and 3 were compared u s in g  Wilcoxon< 
3i  -m e d l^nks  t e s t .
OFAPTFR 12
Cl 3 AC CHARI CASH AND ALKALINE P*rFP^ATACF ACTIVITY' C -  
RAT JCJTJlAII CFIIFC FLC ICFTAL CI3T FCCCIFG
A l k a l i n e  X'-^o3pha.te.se and d i s a . c c h e r i d a s e  a . c t i v i t i e s  o f  ra,t 
je ju n u m  have  been  u sed  t o  measure  t h e  f u n c t i o n  o f  t h e  je junum 
a s  a r e s u l t  o f  pj iato.mioal  and d i e t a r y  m a n i p u l a t i o n s  (D eren  e t  a l ,  
1967) P o l i n  e t  a l ,  1971 ; w e s e r  e t  a l ,  1971 ; L ev ine  e t  a l ,  1974;  
Dworkin e t  a l ,  197^ > Loknaue r  e t  a l ,  1976 ) ,  a.nd e l s o  t o  examine 
t h e  e f f e c t s  o f  d i f f e r e n t  b a c t e r i a l  p o p u l a t i o n s  o f  t h e  g u t
( M i c k e l s e n ,  1962;  .C ah lq u is t  e t  a l ,  1965; Reddy e t  a l ,  1968;
H i e t a n e n  and H ann inen ,  1 9 7 l ) ,
The e f f e c t s  of  an  e l e m e n t a l  d i e t  compared w i t h  a  normal s o l i d
d i e t  on j e j u n a l  enzyme a c t i v i t i e s  have n o t  been  r e p o r t e d  however ,  
AIM OF oflOY
To i n v e s t i g a t e  t h e  e f f e c t  of  t h e  e l e m e n t a l  d i e t s  Vivonex  and 
F l e x i c a l  on t h e  f u n c t i o n  o f  r a t  je junum by m e a s u r i n g  t h e  a c t i v i t y  
o f  a l k a l i n e  p h o s p h a t a s e ,  l a c t a s e ,  s u e r a s e  and m a l t a s e  i n  r a t  
j e  jiumm.
MdTlIQJo
The e f f e c t  o f  e l e m e n t a l  d i e t  f e e d i n g  on j e j u n a l  enzyme 
a c t i v i t i e s  was e;ca..mined i n  t h e  r a t s  used  f o r  t h e  b i l e  a c i d  
m e ta b o l i s m  and h i s t o l o g i c a l  s t u d i e s  d e s c r i b e d  i n  p r e v i o u s  c h a n t e r s
The e f f e c t  o f  Vivonex f e e d i n g  f o r  one month was a l s o  
i n v e s t i g a t e d  i n  f i v e  r a t s  f e d  Vivonex  and f o u r  f e d  t h e  c o n t r o l  
d i e t  (Group 6 r a t s ) .
Two g ro u p s  o f  tw e l v e  r a t s  w i t h  e q u a l  numbers i n  each  group 
f e d  t h e  c o n t r o l  d i e t  and V ivonex  (Groups  3 and 4 ) were  t h e n  
s t u d i e d  a f t e r  t h r e e  months of  f e e d i n g .  A f u r t  : e r  group of  
t w e l v e  r a t s  (Group 3 ) ,  i n  v/hich h a l f  were f e d  c o n t r o l  d i e t  and 
h a l f  f e d  F l e x i c a l ,  was a l s o  s t u d i e d  a f t e r  t h r e e  months.
Pr e p a r a t i o n  o f  T i s s u e  f o r  Fnzvme Assays
The r a t s  were s a c r i f i c e d  w i t h  an  overdose  o f  e t h e r  and t h e  
abdomen opened.  A 10cm segment of  j e j i r n m  was t a k e n  50-40cm 
d i s t a l  t o  t h e  r .y lo rus  (one t h i r d  of  t h e  d i s t a n c e  f rom p y l o r u s  t o  
i l e o - c a e c a l  v a l v e ) .  The segment was r i n s e d  i n  i c e  c o l d  sodium 
c h l o r i d e  s o l u t i o n  ( l 5 4 : t h ) , f r o z e n  i n  s o l i d  c a r b o n  d i o x i d e / m e t h a n o l  
and s t o r e d  a t  -20°C f o r  up t o  one week, The 10cm segments  were 
c u t  i n t o  p i e c e s  and homogenised  i n  a  h a n d - o p e r a t e d  T e f l o n  p e s t l e  
and tu b e  h o m o g e n i s e r  w i t h  5^1 of  i c e - c o l d  w o t e r .  The homogenate 
was d e c a n t e d  i n t o  a g r a d u a t e d  t u b e  and t h e  r e m a in in g  t i s s u e  
homogenised  and d e c a n t e d  a f u r t h e r  t h r e e  t i m e s .  The volume was 
t h e n  a d j u s t e d  and s u i t a b l e  d i l u t i o n s  p r e n a r e d  f o r  a s s a y  o f  p r o t e i n  
c o n t e n t  (Lowry e t  a l ,  1951 ) ,  d i s a c c h a r i d a s e  a c t i v i t y  ( L a h l q u i s t ,  
1 9 6 4 ) end  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  (Bergmeyer ,  1965)  as  
d e s c r i b e d  f o r  r a t  je junum by B o l i n  e t  a l  ( l 9 7 l ) .  A l l  a s s a y s  
were  done i n  d u p l i c a t e .
( a )  P r o t e i n  1o n te n  t
The a l k a l i n e  copper  reagent  was f r e s h l y  prenared by 
mixing 59:1  o f  2: - w/v  Nag 39  ^ i n  O . ld  NaCd w ith  1ml of  0 . 5  < 
w/v  duoO^ i n  1 '7 w/v  sodium potass ium t a r t r a t e  s o l u t i o n  
( S o l u t i o n  a ) .
F o l i n  and l i o c a l t e a s  pheno l  r e a g e n t  (BBTT L t d )  was 
d i l u t e d  t o  make i t  IN i n  a.cid ( S o l u t i o n  B).
5ml o f  s o l u t i o n  A was added to  1ml o f  d i l u t e d  j e i u n a l  
homopenate,  n ixed  w e l l  and l e f t  f o r  lOmin, 0 , 5 n l  of  s o l u t i o n  
B was t  len added, mixed r a p d i ly  and the o p t i c a l  d e n s i t y  
read at a f t e r  e x a c t l y  2h;nin. ( G i l fo r d  59011 s p e c t r o ­
photometer,  G i l f o r d  Instrument Laborator ies  I n c . ,  Oberlin ,  
O h io ) . Bovine serum albumin was used as s tandard .  The 
p r o t e i n  c o n te n t  was ex p ressed  as mg p r o t e i n  per  cm o f  jejunum.
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( b )  D i s a c c h a r i d a s e  A c t i v i t y  ( L a c t a s e ,  3 ne r a c e  and Mal to .se)
The s u b s t r a t e  s o l u t i o n s  used  were as  f o l l o w s : -  
L a c t o s e  ( 56 .1a )  i n  O.IM mal o a t  e b u f f e r  c l  5 ' 6 ; s u c r o s e  (56  Ad) 
i n  O.IM . l a l e a t e  b u f f e r  pH 6 . 0 ;  m a l to s e  ( 5 6 mil) i n  O.IM 
m a l e a t e  b u f f e r  pH 6 , 0 .
T r i s - g l u e ose  o x i d a s e  reo . r en t  (TOO r e a g e n t )  was preuax 'ed  by 
d i s s o l v i n g  1 2 5 eg g l u c o s e  o x id a s e  ( S ig n a )  i n  50ml of  T r i s  
b u f f e r  ( 0 , 5I-P pH 7 -û )  a.nd a i d i n g  0 ,5ml o f  p e r o x i d a s e  s o l u t i o n  
( i m g / m l ) ,  0 . 5ml o f  o » d i a n i s i d i n e  s o l u t i o n  (1 0 mg/ml i n  95" '  
e t h a n o l ,  f r e s h l y  p r e p a r e d ) and  1ml of  d e t e r g e n t  s o l u t i o n  
( T r i t o n  a~100 d i l u t e d  1 i n  5 w i t h  95.4 e t h a n o l ) .  The volume 
wa.s m.ade up t o  100ml w i t h  T r i s  b u f f e r ,
0 ,1m l  o f  d i l u t e d  j e j u n a l  homogenate was i n c u b a t e d  a.t 
5 7 ' G^ f o r  60  .nin v/ i t l i  O .l ra l  o f  e a c h  s u b s t r a t e  s o l u t i o n  and 
t h e  r e a c t i o n  s t o p p e d  by i.mmersing i n  a 65^6 w a t e r  b a t h  f o r  
10 mill. B la n k s  were  r r e n a r e d  by m ix ing  homogenate a.nd 
s u b s t r a t e  and im m ers ing  i n  t h e  6 5 °D w a t e r  b a t h  im m e d i a t e l y .  
0,3.ml o f  w.rMer was t h e n  added t o  bla.nk and sample  t u b e s  
and mixed w e l l . G lucose  was d e t e r m in e d  on 0,5ml a l i q u o t s  of  
b l a n k s  and s a m p l e s ,  t o g e t h e r  w i th  a s e t  of  g l u c o s e  s t a n d a r d s  
(0-50m.g g l u c o s e ) ,  by a d d i n g  5ml of  TOO re a : - en t  and i n o u b ? t i n s '  
a t  5 7 f o r  1 h o u r ,  Dolour  development was n e a s u re d  e t  
420n.m and e n s ’'me a c t i v i t "  e x c r e s s e d  as U n i t s  n e r  mg ' - ' r o t e in  
and  p e r  cm o f  j e ju n u m ,  ( l  Uni t  -  1 ^mol s u b s t r a t e  h y d r o l y s e d  
p e r  mi n a t  5 7 ^ 9 ) .
(c  ) A l k a l i n e  I h o s c h a t a s e  A c t iv it? r
The a l k a l i n e  b u f f  o r - s u b s  t r a d e  s o l u t i o n  (O.OfM "'I'^ci ne 
b u f f e r ,  5.5m.d p - n i t r c ' h e n y l n h o s n h . c t e , uH 1 0 . 5 )  was n r e ’-'ored 
by d i e s o l v i ’i g 5 7 5 'u; : f .y c in o ,  10mg magnesium c - M o r ide
('•'tg J i g  ' bUgC) a ml lo5mg p - n i t r o p ' i e n y l ^ h o s n h a t  e i n  42  ml 
0 . 1  K NaOII, The nil was t h e n  a d j u s t e d  and t h e  volume made 
up t o  100m l .
The b u f f e r  s u b s t r a t e  s o l u t i o n  ( i m l )  was p r e i n c u b a t e d  
i n  a w a t e r  b a t h  a t  f o r  5- lOmin,  and t h e n  0,1ml of
d i l u t e d  j e j u n a l  homogenete  was added t o  t h e  samnle t u b e s  
and t h e  c o n t e n t s  mixed .  A f t e r  39min, 10ml o f  0.02ÎÎ  baOJi was 
added t o  t h e  samole  t u b e s ^ t o  s to p  t h e  r e a c t i o n ^ a l s o  t o  t h e  
c o n t r o l  t u b e  ( i ra i  o f  b u f  f e r - s u b s t r a t e )  f o r  each  s c rap ie , 
0 .1 m l  o f  homogenate was t h e n  added t o  t h e  c o n t r o l  t u b e s .
The c o l o u r  l e v e lo u m e n t  o f  sample and c o n t r o l  t u b e s ,  
t o g e t h e r  w i t h  s t a n d a r d s  o f  p - n i t r o p h c n o l  (0-0.35jUmol)  vrps 
m easu red  a t  400nm. The r e a d i n g s  f o r  t h e  c o n t r o l  tu b e s  
(non -enzym ic  h y d r o l y s i s )  were s u b t r a c t e d  f rom t h e  sa m r l e  
t u b e  r e a d i n g s  and a l k a l i n e  phospha t '^ se  a c t i v i t y  e x p r e s s e d  
as  U n i t s  p e r  mg p r o t e i n  and p e r  cm of  j ejunum,
( l  U n i t  = l ^ c o l  s u b s t r a t e  h y d r o ly s e d  p e r  min a t  57'^9),
S t a t i s t i c s
D i f f e r e n c e s  be tween  c o n t r o l  and e l e m e n t a l  d i e t  f e d  r o t s  were 
a n a l y s e d  u s i n g  a t w o - t a i l e d  Mann-h’h i t n e y  Ü t e s t  ( S i e g e l ,  19 5 6 ) .  
RdSliLTS
The d i s a c c h a r i d a s e  a c t i v i t i e s  found f o r  t h e  c o n t r o l  r a t s  i n  
t h i s  s t u d y  a r e  i n  good ag reem en t  w i t h  t h e  v a l u e s  p r e v i o u s l y  
r e p o r t e d  f o r  r a t  je junum ( B o l i n  e t  a l ,  1971; Lev ine  e t  a l ,  1974)  
b o t h  f o r  s p e c i f i c  a c t i v i t y  an d  a c t i v i t y  p e r  cm, and a l s o  t h e  
r e l a t i v e  p r o p o r t i o n s  of  t h e  t h r e e  d i s a c c h a r i d a s e s  measured .
The r e s u l t s  f o r  t h e  group o f  r a t s  s t u d i e d  a f t e r  one month 
o f  Vivonex f e e d i n g  a r e  shown i n  Tab le  1 2 . 1 .  T o t a l  a l k a l i n e  
ohosch - ta ,3e  a c t i v i t y  was s i - n i f i c - n t l y  i n c r e a s e d  from
1J1
1051  -  57 (Mean -  3MM) i n  t h e  c o n t r o l s  t o  1 2 l6  -  57 a  U n i t s /c m  
i n  t h e  r a t s  f e d  Vivonex (n>< O.Op) and s n e c i f i c  a c t i v i t y  i n c r e a s e d  
from 117-4 -  14 - 4 t o  179*1 -  15*3 m U n i t s /m g  p r o t e i n  ( n < ( 0 , 0 2 ) .  
L a c t a s e  s p e c i f i c  a c t i v i t y  was s i g n i f i c a n t l y  i n c r e a s e d  from 
1 7 . 4  “ 19 i n  t h e  c o n t r o l s  t o  52 .0  -  5*2 m U n i t s /m g  p r o t e i n  i n  t h e  
r a t s  f e d  V ivonex  ( p < J O ,0 2 )g b n t  t h e  i n c r e a s e  i n  t o t a l  l a c t a s e  a c t i v i t y  
p e r  cm of j e junum  was no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The on ly  
o t h e r  s i g n i f i c a n t  change  was a d e c r e a s e  i n  t o t a l  s u e r a s e  a c t i v i t y  
f rom  956  ” 67  i n  t h e  c o n t r o l s  t o  692  -  46 m U n i t s / c m  i n  t h e  r a t s  
f e d  Vivonex  (p<(^0 .02) .  Mean m a l t a s e  a c t i v i t y  b o t h  p e r  cm and 
p e r  mg p r o t e i n  was i n c r e a s e d  i n  t h e  r a t s  f e d  Vivonex  bu t  no t  
s i g n i f i c a n t ! ; / " .
A f t e r  t h r e e  months o f  Vivonex f e e d i n g  a s i g n i f i c a n t  i n c r e a s e  
was found  i n  t o t a l  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  f rom 671-27 i n  
t h e  c o n t r o l s  ( n - 1 2 )  t o  30 9 -  5 0  m U n i t s /c m  i n  t%e r a t s  f e d  Vivonex 
(nz=12) ( p < ( 0 . 0 5 )s b u t  t h e  i n c r e a s e  i n  s n e c i f i c  a c t i v i t y  was not  
s i g n i f i c a n t  ( T a b l e  1 2 , 2 ) .  No d i f f e r e n c e s  be tw een  c o n t r o l  and 
Vivonex f e d  r a t s  were  found  a f t e r  t h r e e  months o f  f e e d i n g  f o r  any 
o f  t h e  t n r e e  d i s a c c h a r i d a s e s  e x p r e s s e d  e i t h e r  as  a c t i v i t y  p e r  
cm j e junum  \_T'ble 1 2 . 5 )  o r  p e r  mg p r o t e i n  (T a b le  1 2 . 4) .
F l e x i c a l  f e e d i n g  f o r  t h r e e  months a l s o  i n c r e a s e d  mean t o t a l  
a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  from 6 5 I  -  I 6 (Mean -  31Tl) i n  t h e  
c o n t r o l s  \n= 6 )  t o  744 -  59 1 U n i t s / c m  i n  t h e  r a t s  f e d  F l e x i c a l  
( n = 6 ) ,  b u t  t h e  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  
t h e  3 r a i l  number o f  r a t s  s t u d i e d .  Mo change  i n  s p e c i f i c  a c t i v i t y  
was found  ( T a b l e  1 2 . 5 ) .  The e f f e c t  o f  F l e x i c a l  f e e d i n g  on 
d i s a c c h a r i d e . s a  a c t i v i t i e s  i s  shown i n  Tab le  1 2 . 6 .  The o n ly  
s i g n ! f i c a n t  d i f f e r e n c e  was a d e c r e a s e  i n  s u e r a s e  s n e c i f i c  a c t i v i t y  
f rom 3 9 . 2  " 6 , 6  t o  6 7 . 4  -  5 .1  n U h it s /m g p r o t e i n  i n  t h e  r a t s  
f e d  F l e x i c a l  (p < 0 , 0 5 ) ,
DI3JU3 SIP,.
The g e n e r a l l y  l o w e r  d i s a c c h a r i d a s e  a c t i v i t i e s  found  i n  t h e  
c o n t r o l  r a t s  f o r  f n e  t h r e e  month s t u d i e s ,  compared w i t h  t h o s e  from 
t h e  one month s t u d y ,  p r o b a b l y  r e s u l t s  from t h e  d i f f e r e n c e  i n  aye 
o f  t h e  r a t s . D i s a c c h a r i d a s e  a c t i v i t y  t e n d s  t o  d e c r e a s e  w i t h  aye 
( B o l i n  e t  a l ,  1 9 7 l )  and ,  s i n c e  t h e  r a t s  were a l l  o f  com-^arable 
age  a t  t h e  s t a r t  o f  t h e  s t u d i e s ,  i t  means t h a t  t h o s e  f e d  f o r  
t n r e e  months were o l d e r  when t h e  je junum was samnled  f o r  enzyme 
a s s a y s .  The o l d e r  r a t s  may be l e s s  s u s c e u t i b l e  t o  i n d u c t i o n  of  
d i s a c c h a r i d a s e  a c t i v i t y ,  w hich  c o u l d  e x n l a i n  t h e  l a c k  o f  a  
s i g n i f i c a n t  i n c r e a s e  i n  l a c t a s e  a c t i v i t y  f o r  t h e  r a t s  f e d  Vivonex 
f o r  t n r e e  mon ths ,  i n  c o n t r a s t  t o  t h o s e  f e d  f o r  one month.
The i n c r e a s e d  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  p e r  cm o f  je junum 
o b s e r v e d  i n  b o t h  g roups  of  Vivonex f e d  r a t s  s u g g e s t s  an i n c r e a s e  
i n  t h e  p r o p o r t i o n  o f  f u n c t i o n a l  v i l l o u s  c e l l s  i n  t h e  t o t a l  c e l l  
p o p u l a t i o n  of  t h e  j e j u n a l  m u :osa ,  b u t  t h e  a c t i v i t y  of  t h e  
d i s a c c h a r i d a s e s  a l s o  l o c a t e d  izi t h e  b r u s h  b o r d e r  c e l l s ,  does no t  
p a r a l l e l  t h a t  o f  a l k a l i n e  p h o s p h a t a s e .  A l t e r a t i o n s  o f  j e j u n a l  
d i s a c c h a r i d a s e  a c t i v i t y  i n  r a t s  by dietaigj '  m a n i p u l a t i o n  have 
been  r e p o r t e d  t o  o c c u r  i n d e p e n d e n t l y  o f  chanyes  i n  a l k a l i n e  
p h o s p h a t a s e  a c t i v i t y  (D e ren  e t  a l ,  1967; D o l in  e t  a l ,  1971 ;
Meknauer e t  a l ,  1 9 7 3 ) .
As r e p o r t e d  i n  t h e  p r e v i o u s  chap i te r ,  t h e  c r y n t  h e i g h t  : v i l l u s  
h e i g h t  r a t i o  o f  t h e  V iv o n e x - f e d  r a t s  r e s e m b le s  t h a t  o f  g e r m - f r e e  
r a t s . J i s a c c  h a r i d a s e  a c t i v i t i e s  i n  g e r m - f r e e  r a t s  wei'e r e n o r t e d  
t o  be h i g h e r  t h a n  i n  c o n v e n t i o n a l  r a t s  (Reddy e t  n i ,  1 9 6 3 ) ,  of  
s i m i l a r  l e v e l  i n  m id - je junum  ( l a h l o u i s t  e t  a l ,  1965)  o r  t%e same 
( :d i c k e l s e n ,  I 9 6 2 ) .  I n c r e a s e d  a l k a l i n e  p h o s p h a t a s e  and m a l t a s e  
WPS r c - ' o r t e l  i n  a - u c i f i c  ';a.t 'o ’cn f r e e  r ^ t s  com-uirod w i th  
c o n v e n t i o n a l  r e t s  ( h i e t a n e n  a.nd Hanninen ,  1 9 7 l )*  The r e l a t i o n s h i p
be tw een  v i l l u s  h e i g h t ,  i i s a . c c h a r i l o s e  a c t i v i t y  and a l k a l i n e  
p h o s p h a t a s e  a c t i v i t y  i s  t h e r e f o r e  co n fu s e d  and complex .
The i n c r e a s e  i n  a l k a l i n e  p h o s n h a t a s e  a c t i v i t y  i n  t h e  r a t s  
f e d  F l e x i c a l  f o r  t h r e e  months was n o t  s t a t i s t i c a l l y  s i g n i f i c e n t ,  
w nich  may be a r e s u l t  o f  t h e  s m a l l  nunbers  o f  r a t s  s t u d i e d  o r  
p o s s i b l y  r e f l e c t  a  t r u e  d i f f e r e n c e  be tween  Vivonex and P l e x i c a l  
on j e j u n a l  f u n c t i o n .  Thus a l t h o u g h  t h e s e  s t u d i e s  showed some 
i n c r e a s e s  i n  j e j u n a l  enzyme a c t i v i t i e s  as  a r e s u l t  o f  Vivonex 
f e e d i n g ,  p a r t i c u l a r l y  an  i n c r e a s e  i n  t o t a l  a l k a l i n e  n h o s n h a t a s e  
a c t i v i t y ,  i t  was d e c i d e d  t o  i n v e s t i g a t e  s m a l l  i n t e s t i n a l  
f u n c t i o n  i n  a more p b y s i o l o yi c a 1,  d i r e c t  way by p e r f u s i n g  
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olUPY 3Y AP lî ;  VITO PERFUSION Tl l lPIOUB 0? TP:
EFlyJl'fS OF PI,:;] :i];:?AL D l l ? F F F J I IG OR
FIOTIFÏOÜ OF RAF JFJUOM
I t  h a s  b e e n  d e . i io n s t r e ted  ( i h a n t e r  11 ) t h a t  e l em en t  e l  d i e t
f e e r l i n -  i n  normal r a t s  r e s u l t s  i n  a d e c r e a s e d  c r y ^ t  h e i g h t  t o
v i l l u s  h e i g h t  r a t i o ,  m a i n l y  as  a r e s u l t  o f  i n c r e a s e d  v i l l u s  h e i g h t .
Men s û rem en t  o f  j e j u n a l  b r u s h  b o r d e r  enzyme a c t i v i t i e s  ( C h a n t e r  12)
shov:ed a.n i n c r e a s e  i n  t o t a l  a l k a l i n e  nhospha . t ase  a c t i v i t y  s u g g e s t i v e
of  an  i n c r e a s e d  a b s o r p t i v e  a r e a  o r  f u n c t i o n ,  b u t  no i n c r e a s e  i n
d i s a c c h a r i d e s e  a c t i v i t y  was found. .  The d i s a c o h a  r i d a s  es may be
s p e c i f i c a l l y  a f f e c t e d  by t h e  n a t u r e  of  t h e  c a r b o h y d r a t e  c o n t e n t
o f  t h e  d i e t  ( B o l i n  e t  a l ,  1971) and an a l t e r n a t i v e  method of
m e a s u r i n g  j e j u n a l  f u n c t i o n  d u r i n g  e l e m e n t a l  d i e t  f e e d i n g  was s o u g h t ,
h a t e r  a b s o r p t i o n  r e p r e s e n t s  a  b a s i c  f u n c t i o n  o f  t h e  s m a l l
bowel and  measurement o t h i s  i n  v i v o  p r o v i d e s  a good a s s e s s m e n t
o f  s m a l l  bowel f u n c t i o n .  A b s o r p t i o n  o f  s p e c i f i c  d i e t a r y  components
may be i n f l u e n c e d  by t h e  na. tu re o f  t h e  d i e t  and n o t  r e u r e s e n t
t h e  o v e r a l l  f u n c t i o n  o f  t h e  bow el .
V a r i o u s  methods  have  been  r e p o r t e d  f o r  measurement of  i n  v iv o
a b s o r p t i o n  i n  t h e  r a t .  The method r e p o r t e d  by o h e f f  and Smyth
(1 9 5 5 )  i n t r o d u c e d  t h e  use  o f  a  r e c i r c u l a t i o n  -  p e r f u s i o n
t e c h n i q u e  f o r  c a n n u l a t e d  lo o p s  o f  i n t e s t i n e  i n  a n a e s t h e t i s e d  r a t s ,
e m p loy ing  ,a g n s - l i f t  t o  c i r c u l e t e  t h e  f l u i d .  T h i s  was m o d i f i e d
by J o w l i n g  and Booth ( I I 6 7 }, who s t u d i e d  a b s o r p t i o n  i n  r a t s  
Vtqc\
t h a t  been  c a n n u b a t e i  and a l lo w e d  t o  r e c o v e r  from a n a e s t h e s i a
i n  a r e s t r a i n i n g  c.cme. O the r  w o rk e r s  have  s t u d i e d  a b s o r p t i o n  i n  
a n a e s t h e t i s e d  r ^ t s  b u t  employed a -^ump t o  r e c i r c u l a t e  t h e  
p e r f u s a t e ,  r a t h e r  thc.n a g a s - l i f t ,  and so c o n t r o l l e d  t h e  f low r a t e  
more p r e c i s e l y  ^Lewis end f o r d t r a n ,  1 9 7 5 î f c k n e u e r  e t  c l , 19 7 d ) .  
However, t h e  o r i g i n a l  g p s - l i f t  r e c i r c u l a t i o n  i n  a n a e s t h e t i s e d  
r a t e  i s  u s e :  by many w orke rs  \^.ncese, 1974; Debnam and L ev in ,  1 ; f i  ;
l üh
d a v i d s o n  and L e e se ,  1 9 7 7 ) .  I n  a l l t h e s e  methods i t  i s  
d i s a p p e a r a n c e  from t h e  gu t  lumen which  i s  m easu red ,  A more 
s o p h i s t i c a t e d  t e c h n i n u e  o f  v a s c u l a r  p e r f u s i o n ,  which  a l l o w s  bo th  
d i s a p p e a r a n c e  f rom t h e  gu t  lumen and a p p e a r a n c e  i n  t h e  b lood  
v e s s e l s  t o  be Q u a n t i t a t e d ,  has  r e c e n t l y  been  d e v e lo p e d  and 
s u c c e s s f u l  p r e p a r a t i o n s  a c h i e v e d  by some w o rk e r s  ( J a c o b s  e t  a l ,  
1 9 6 6 ; Conner  and MoColl ,  1975> Bronk and Ingham, 197^)*
■Cater a b s o r p t i o n  c an  be d e t e r m i n e !  by t h e  u se  o f  a non­
a b s o r b a b l e  m a rk e r ,  f h e n o l  r e d  ( f i s h e r  and G a rd n e r ,  1 9 7 4 î 
k c k n a u e r  e t  a l ,  1 9 7 C) and p o l y e t h y l e n e  g l y c o l  w i t h  a  m o l e c u l a r  
w e ig h t  o f  4 CCO (G le o s o n  e t  a l ,  1972;  Lewis and F o r d t r a n ,  1975) 
have  b e e n  used  i n  t n e  r a t .  The use o f  “^ ^ 0  l a b e l l e d  p o l y e t h y l e n e  
g l y c o l  4 000  im proves  t h e  a c c u r a c y  of  measurement  i n  p e r f u s i o n  
f l u i d s  ( B g t t  and i s t e r s ,  1976;  Hughes e t  a l ,  1970) .  A b s o r p t io n  
o f  w a t e r  i n c r e a s e s  t h e  c o n c e n t r a t i o n  o f  t h e  m arke r  i n  t h e  
p e r f u s i o n  f l u i d .  A b s o r p t i o n  o f  s o l u t e s  can  be c a l c u l a t e d  by 
m e a s u r i n g  C' langes i n  c o n c e n t r a t i o n  and c o r r e c t i n g  f o r  t h e  change  
i n  volume t h a t  has  o c c u r r e d ,
07 3TÜDY
To s t u d y  t h e  e f f e c t  o f  e l e n e n t a l  d i e t  f e e d i n g  on t h e  f u n c t i o n  
o f  r a t  je junum by m e a s u r i n g  w a t e r  and g l u c o s e  a b s o r n t i o n  u t i l i s i n g  
an i n  v i v o ,  g a s - l i f t  r e c i r c u l a t i o n  p e r f u s i o n  t e c h n i o u e  i n  
a n a e s t h e t i s e d  r a t s  and  l a b e l l e d  p o l y e t h y l e n e  r- lyco l  4000
as  a n o n - 3 b s o r b a b l e  m a rke r .
0 roi.fts S t u d i e d
Two g roups  o f  e i g h t e e n  r ^ t s  were s t u d i e d  a t  d i f f e r e n t  t i m e s ,  
Hnual numbers i n  eac n  groun were f e d  t h e  c o n t r o l  d i e t ,  Vivonex 
B'.d - ' l e x i c a l  as  b e f o r e  [ l i i a - t e r  6 ) ,  l i n c e  f a o c a l  c o l l e c t i o n s
were n o t  r e q u i r e d ,  c o n v e n t i o n a l  r a t  c ages  were used  r a t h e r  t h a n  
m e t a b o l i c  c a g e s ,  Tnus ,  t h e  number o f  r a t s  was n o t  r e s t r i c t e d  t o  
t w e l v e  and a l l  t h r e e  d i e t s  were s t u d i e d  a t  t h e  one t i m e .  The 
c a g e s  had wide  mesh bo t tom s  t o  l i m i t  copronhagy  and t h e  an im al  
room was i l l u m i n a t e d  from 6 am t o  6 pm.
The d i e t s  were  f e d  f o r  f o u r  weeks and t h e n  t h e  r a t s  were 
p e r f u s e d  o v e r  a p e r i o d  o f  one t o  two w eeks , two o r  t h r e e  
p e r f u s i o n s  b e i n g  p e r fo rm e d  each  day .
The f i r s t  g roup  o f  r a t s  (Group 7) was p e r f u s e d  d u r i n g  t h e  
day w i t h  e o u a l  numbers from eac h  d i e t a r y  t r e a t m e n t  b e i n g  p e r f u s e d  
a t  10 am, 1 pm and 5 pm.
The second  group o f  r a t s  (Group l )  was p e r f u s e d  a t  n i g h t  
w i t h  e q u a l  numbers from eac h  d i e t a r y  t r e a t n e n t  b e i n g  p e r f u s e d  
a t  10 pm and 12 m i d n i g h t .  None o f  t h e  r a t s  were  f a s t e d  b e f o r e  
p e r f u s i o n ,
Oomno s i t i o n o f  P e r f u s i on S o l u t i on
The c o m p o s i t i o n  o f  t h e  p e r f u s i o n  s o l u t i o n  i s  shown i n  T ab le  
1 3 . 1 , and c o n s i s t s  o f  m o d i f i e d  K r e b s -R in g e r  b i c a r b o n a t e  (Bronk 
and L e e s e ,  1974) w i t h  1 1 .1  ml g l u c o s e  added (L e e s e  e t  a l ,  197b) 
and *'^0 l a b e l l e d  p o l y e t h y l e n e  g l y c o l  4 OOO (PGG 4OOO) as  non­
a b s o r b a b l e  m a rk e r .
P e r f u s i o n  T e c h n i oue
The a o g a r a t u s  used  ( d h e f f  and Smyth, 1955) i s  shown i n  
3' i  "u re  1 5 . 1 , T'-^ .e r e r f u s i o n  f l u i d  ( 5 0 ml) was e o u i l i b r a t e d  w i th
5 u dOp i n  Op by c i r c u l a t i n g  t h e  f l u i d  t h r o u g h  t h e  a r r a r a t u s ,  
w i t h  a g l a s s  i n s e t  i n  u l a c e  of  t h e  j e j u n a l  l o o n ,  d u r i n g  t h e  t ime  
t h a t  e a c : r a t  was b e i n g  a n a e s t h e t i s e d  and p r e p a r e d .
J.V f
Rats  v;ere w e ighed  .and a n a e s t h e t i s e d  w i t h  sodium o e n t o h e r b i t o n e  
( o a g a t a l ;  Hay and Baker  L td ,  0^ . gen ham) by i n j e c t i n g  6 0 mg/Kg 
i n t r a p e r i t o n e a l l y . A r e c t a l  th e rm o m ete r  was i n s e r t e d  and th e  
abdomen opened by a. v e n t r a l  m i d - l i n e  i n c i s i o n ,  a v o i d i n g  majo r  
b lo o d  v e s s e l s .  A n ro x im a l  g l a s s  c a n u l a  (dmnOO) i n s e r t e d
j u s t  beyond t h e  l i g a m e n t  o f  T r e i t z ,  where t h e  loop  o f  je junum 
r e - e m e r g e s ,  and a  second  t r a n s e c t i o n  o f  je junum  m d e  20 - 50cm 
d i s t a l l y .  The j e j u n a l  segment was t h e n  r i n s e d  th r o u g h  w i t h  10ml 
o f  sodium c h l o r i d e  ( i p d . r l ,  s a l i n e )  t o  remove food  d e b r i s .  A 
s e c o n d  c a n u l a  was t h e n  t i e d  i n t o  t h e  d i s t a l  end and t h e  segment 
d r i e d  by b lo \ ; i n g  t h r o u g h  20ml o f  a i r  from a  s y r i n g e .  G re e t  c a r e  
was t a k e n  n o t  t o  damage t h e  m e s e n t e r i c  b lo o d  v e s s e l s  and t h e  
t r a n s e . c t i o n s  were made a v o i d i n g  t h e  l a r g e r  v e s s e l s .
The c a n n u l a t e d  j e j u n a d  lo o n  was t h e n  c o n n e c t e d  t o  t h e  p e r f u s i o n  
c i r c u i t ,  t a k i n g  c a r e  no t  t o  l o s e  any volume, by s w i t c h i n g  o f f  t h e  
gas  and e l e v a t i n g  t h e  ends o f  t h e  t u b i n g  d u r i n g  c o n n e c t i o n .
The C a n n u l a t e d  l o o u  was r e p l a c e d  i n s i d e  t h e  abdomen and a  pad 
m o i s t e n e d  w i t h  s a l i n e  p l a c e d  o v e r  t h e  c l o s e d  abdomen t o  u r e v e n t  
t h e  t i s s u e  d r y i n g  o u t ,  Wit ' i  p r a c t i s e  i t  was r o s s i b l e  t o  c a n n u l s t e  
t 'ae j e junum  and s t a r t  t h e  - e r f u s i o n  w i t h i n  f i v e  m inu tes  o f  
o p e n i n g  t h e  abdomen, f l u i d  was c i r c u l a t e d  t h r o u g h  t h e  lo o n  f o r  
60 min.  (f lov/  r a t e  a v e r a g e d  25ml/min)  and body t e m p e r a t u r e  was 
m a i n t a i n e d  a t  36,5~-57°9 w i t h  t h e  a i d  of  a damn and t h e  r e c t a l  
t l e r m o m e t e r .  Samples  o f  f l u i d  ( 0 .2 m l )  were t a k e n  a t  10 min 
i n n e r v a i s  from t h e  r e c e v o i r  f o r  measurement of  PIG and g lu c o s e  
c o n c e n t r a t i o n s  and ? f i n a l  0 . 5 ’^ d samnles  was t a k e n  a t  60  min.
The r a t  was t h e n  s ^ c r i f i - 2d by i n c i s i o n  of  t h e  h e a r t  and 
t h e  p e r f u s e d  a e g cent  ( w i t h  f l u i d  s t i l l  c i r c u l a t i n g )  f r e e d  from 
t h e  mace t e r y  -i^ n i t h e  lonc't' '! m-a.uired.  The l e n v t ! i  o f  t h e  
r e m a i n i n g  p r o x im a l  and d i s t a l  s m a l l  i n t e s t i n e  ( t o  t h e  i l e o - c a e c a l
Vî^lvGy was t h e n  moesured  p.nd 5cm segments  t a k e n  f o r  h i s t o l o g i c a l  
exa  u ir f t . t ion,  as  d e s c r i b e d  i n  l h a n t e r  11, 
idees l ire. ;ient o f  f-dG end Gl u c o s e
F o u r  a l i q u o t s  (O ^ lm l j  o f  i n i t i a l  f l u i d ,  and f i n a l  p e r f u s a t e  
i n  t h e  r e s e v o i r  e t  60 min,  were  t a k e n  f o r  c o u n t i n g  i n  a d d i t i o n  
t o  one ( O . l i l )  a l i q u o t  a t  10, 20,  30, 40 and 50 min.  D u p l i c a t e  
a l i q u o t s  ( 2 0 ^ 1 )  w ere  a n a l y s e d  f o r  g l u c o s e  from e a c h  t e n  m inu te  
s a m p le ,  i n  a d d i t i o n  t o  t h e  i n i t i a l  and f i n a l  s a m p l e s ,
10ml o f  ' I n s t a g e l ' s c i n t i l l a n t  (P a c k a rd  I n s t r u m e n t  L t d , )  was 
added  t o  t h e  0 .1 m l  sam p le s  and PEG d e t e r m in e d  u s i n g  a T r i c a r b  
l i q u i d  s c i n t i l l a t i o n  c o u n t e r  ( P a c k a r d ) .  Quenching was n e g l i g i b l e  
b u t  was c o r r e c t e d  f o r  by a u t o m a t i c  e x t e r n a l  s t a n d a r d i s a t i o n ,  
C o u n t i n g  e f f i c i e n c y  was 30-35 /1
G lu co s e  was d e t e r m in e d  on t h e  2 0 j X l  a l i q u o t s  by i n c u b a t i n g  
f o r  60  min v ; i th  5 ^1 o f  T r i s - g l u c o s e  o x id a s e  r e a g e n t ,  a s  d e s c r i b e d  
f o r  e s t i m a t i o n  o f  d i s a c c h a r i d a s e s  i n  C h a p t e r  12,
C a l c u l a t i o n s
The t e rm  ' a b s o r p t i o n '  i s  u s e d  t o  d e s c r i b e  d i s a p p e a r a n c e  from 
t h e  g u t  lumen ( i . e .  n e t  a b s o r p t i o n  and u t i l i z a t i o n ) .  The t o t a l  
volume o f  w a t e r  a b s o rb e d  a t  each  10 minu te  i n t e r v a l  was c a l c u l a t e d
as  f o l l o w s  and e x p r e s s e d  as  j i l  w a t e r  a b s o rb e d  n o r  cm of  je junum.
dnmi = X __
dnmt
Volume a t  t i m e  t  , V, ^ V- x
Vol a b s o r b e d  a t  t im e  t   ^ dnmi' i  -  h  = h  ( dpmt ^
Vol a b s o r b e d  n e r  cm o f  je junum a t  t im e  t  = V. -  V,
L
(9here V^ = volume i n i t i a l l y  ( i . e .  50ml)
V^ = voliuie  a t  t im e  t
dn ci r'-G dc.n i n  0 .1  ml i n i t i a l l y
AJ-;
dpmt J PEG dpra i n  0 .1m l  a t  t i m e  t
L -  l e n g t h  o f  p e r f u s e d  segment (cm)
S i m i l a r l y ,  t h e  t o t a l  amount o f  g l u c o s e  a b s o r b e d  a t  each  10 min 
i n t e r v a l  was c a l c u l a t e d  and e x p r e s s e d  as  ^amol g l u c o s e  a b s o rb e d  
p e r  cm o f  j e ju n u m .
Mmol g l u c o s e  a b s o r b e d  p e r  cm of je junum  a t  t i m e  t  =(V^ x f . )  -  (V^ x 0^)
,  -
Where -  g l u c o s e  c o n c e n t r a t i o n  i n i t i a l l y  { p - ^ o l / r a l )
= g l u c o s e  c o n c e n t r a t i o n  a t  t im e  t  
L = l e n g t h  o f  u e r f u s e d  segment
Sample s i z e  a t  t h e  10 min i n t e r v a l s  was k e p t  t o  a  ;riiriir.ium so  t h a t  
t h e  s l i g h t  d e c r e a s e  i n  t o t a l  ^^1 PEG dpm r e m a i n i n g  a f t e r  each 
sam ple  i s  t a k e n  has  a  n e g l i g i b l e  e f f e c t  on t h e  c a l c u l a t i o n  and i s  
i g n o r e d  i n  t h e  c a l c u l a t i o n s ,  
i . e .  T r u e [ p E G ] a . f t e r  10 rdn samp 1 e 
.*= dp mi -dpms
50  -  ( v o l  a b s o r b e d  -i- 0 . 2  ml^ where dpm^ = t o t a l  dpm i n i t i a l l y
dpm^ = dpm removed i n  
10 :;iin sample
and n o t ; -  dom. 1
50  -  v o l  a b s o r b e d
S t a t i s t i c s
The s i g n i f i c a n c e  o f  d i f f e r e n c e s  be tween  t h e  t h r e e  d i e t a r y  
t r e a t  n e n t s  were ana . lysed  u s i n g  W i lc o x o n ' s  sum of  r a n k s  t e s t  
( h a n g l e y ,  1 9 6 3 ) .  I n  some i n s t a n c e s  d i f f e r e n c e s  which were  j u s t  
n o t  s i g n i f i c a n t  as  judged  by t^.e r a n k i n g  t e s t ,  d id  show s i g n i f i c a n c e  
when a n a l y s e d  bv a t - t e s t ,  b u t  s i n c e  t h e  l a t t e r  malces a s s u m p t i o n s  
ab o u t  t  :e d i s t r i b u t i o n  o f  d a t a  which a r e  no t  n e c e s s a r i l y  t r u e ,  
t h e  r a n k i n g  t e s t  was adhe re d  t o  t h r o u g h o u t .
RED I I'/T i
Numerous u e r f u s i o n s  were pe r fo rm e d  b e f o r e  t h i s  s t u d y  was done 
t o  g a i n  com pe tence  w i t h  t h e  t e c h n i o u e  nnd a c h i e v e  v a l u e s  f o r  
a b s o r p t i o n  co m u arab le  t o  t h o s e  r e p o r t e d  f o r  c o n t r o l  r a t s  i n  t h e  
l i t e r o t u r e .  I t  was c o n f i r m e d  h i s t o l o q l c a l l y  t h a t  th e  je junum was 
n o t  damaged d u r i n g  p e r f u s i o n  ( i b a p t e r  l l )  even  w i t h  t h e  r e l a t i v e l y  
h ig h  f lo w  r a t e  n e c e s s i t a t e d  by t h e  g a s - l i f t  r e c i r c u l a t i o n  t e c h n i o u e .
The i n i t i a l  and f i n a l  body w e ig h t s  o f  t h e  r a t s  i n  b o t h  g roups  
7 and 3 a r e  shown i n  T a b l e  1 3 . 2 .  The on ly  s i g n i f i c a n t  d i f f e r e n c e  
f o u n d  was f o r  f i n a l  body w e ig h t  between c o n t r o l  ( n = l 2 )  and Vivonex 
f e d  ( n - 1 2 )  r a t s  when t h e  two g ro u p s  were combined ( p ^ O . O ^ ) ,
T a b l e  1 3 . 5  shows t h e  l e n g t h  o f  s m a l l  i n t e s t i n e  from p y l o r u s  t o  
i l e o - c a e c a l  v a l u e  f o r  t h e  two g roups  o f  r a t s .  A ga in  t h e  d i f f e r e n c e  
be tw e e n  Vivonex  f e d  and c o n t r o l  r a t s  was j u s t  s i g n i f i c a n t  ( p < j 0 . 0 5 )  
when t h e  two g ro u p s  were  combined ,  w i t h  a  s l i g h t l y  s h o r t e r  s m a l l  
i n t e s t i n a l  l e n g t h  i n  t h e  r a t s  f e d  Vivonex ,  T h e re  was no s i g n i f i c a n t  
d i f f e r e n c e  be tw een  t h e  t h r e e  d i e t a r y  t r e a t m e n t s  i n  t h e  l e n g t h  of  
je junum  p e r f u s e d  (m ea su re d  a f t e r  p e r f u s i o n )  n o r  i n  t h e  d i s t a n c e  of 
t h e  p e r f u s e d  s eg . i en t  f r o ' i  t h e  TNyloj.'us (T a b le  1 3 . 4 )  •
' T a b le  13 .5  shows t h e  w a t e r  a b s - r p t i o n  by g^ouu 7 r a . t s  f o r  th e  
t n r e e  d i e t a r y  t r e a t m e n t s  a t  t h e  t e n  m inu te  i n t e r v a l s .  No 
d i f f e r e n c e  was found  be tween  c o n t r o l  and V ivonex f e d  r o t s  b u t  t h e  
r a t s  f e d  F l e x i c a l  a b s o r b e d  l e s s  w a t e r  t h a n  t h e  c o n t r o l s ,  t h e  
d i f f e r e n c e  b e i n g  s i g n i f i c a n t  from 40  min onwards ( p < , 0 . 0 5  i n  each  
c a s e ) .  G lu co se  a b s o r p t i o n  ( f a b l e  1 5 . 6 )  showed a s i m i l a r  n a t t e r n  
w i t h  s i g n i f i c a n t l y  l e s s  a b s o r p t i o n  by t h e  r a t s  f e d  F l e x i c a l  comnnred 
w i t h  t h e  c o n t r o l s  a t  pO min (p<( O.Ol)  and 60 min ( n ^ O . O S ) .  No 
r e s u l t s  a r e  a v a i l a b l e  f o r  t h e  f o u r t h  c o n t r o l  and f i f t h  Vivonex ;^-d 
r a t  i n  "raw^ 7, ^ o t h  of w'^ich d ied  under  -:he a n ? e s t h e t i c  d - i r i n ’
p e r f u s i o n .  G r e a t e r  l o s s e s  were e n c o u n t e r e d  f o r  Groun 3 r a t s  
w h ich  were p e r f u s e d  a t  n i g h t ,  and i n  one i n s t a n c e  t h i s  was due t o  
t h e  f a c t  t h a t  t h e  n o c t u r n a l  r a t s  were more l i v e l y  a t  n i g h t  and 
h a r d e r  t o  i n j e c t .  No a t t e m p t  v/as made t o  n e r f  use t h e  s i x t h  r a t  
f e d  5 ' l e x i c a l ,  a f t e r  f i v e  had been  jsmsucc ess  f u l l y  p e r f u s e d .
The r e s u l t s  f o r  w a t e r  aud g l u c o s e  o b s o r n t i o n  i n  groun  8 r e t s  
a r e  shown i n  T a b l e s  I p . 7 and 1 5 . 3 .  Again mean w a t e r  and v lu c o s e  
a b s o r p t i o n  was l e s s  i n  t h e  r a t s  f e d  F l e x i c a l ,  h u t  t h e  s n a i l  numbers 
p r e c l u d e  s t a t i s t i c a l  a n a l y s i s .  Aean w a t e r  and g l u c o s e  a b s o r n t i o n  
by t h e  c o n t r o l  r a t s  was l e s s  a t  n i g h t  (Group 3) t h a n  d u r i n g  t h e  day 
(Groun 7)* b u t  t h e  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
T ’le r e s u l t s  f o r  t h e  two g ro u n s  have been combined and t h e  mean 
v a l u e s  ( t o g e t h e r  w i t h  3 ' 2 ' A )  a r e  shown g r a p h i c a l l y  f o r  w a t e r  
a b s o r p t i o n  i n  F i g u r e  1 5 .2  and g lu c o s e  a b s o r u t i o n  i n  F ig u re  15.5»
The r a t s  f e d  F l e x i c a l  ( n = l l )  a b s o r b e d  s i g n i f i c a n t l y  l e s s  w a t e r  th a n  
t h e  c o n t r o l s  (n=9)  u t  40 and 60 min (p<^'0.01 i n  each  c a s e ) .  The 
o n ly  s i g n i f i c a n t  d i f f e r e n c e  i n  g l u c o s e  a b s o r p t i o n  ob s e rv ed  W'ss 
be tween  t i e  r a t s  f e d  Vivonex  and F l e x i c e l  a t  40 min ( u < ^ 0 . 0 5 ) ,  t h e  
F l e x i c a l  f e d  r e t s  a b s o r b i n g  l e s s .  I t  can  be s e e n  ( F i g . 1 5 . 2 )  t h a t  
a  g r e a t e r  l a g  phase  i n  w a t e r  t r a n s p o r t  was o b s e rv e d  f o r  t h e  r a t s  
f e d  F l e x i c a l  t h a n  f o r  t h e  o t h e r  two d i e t s .  V o t e r  and g l u c o s e  
a b s o r p t i o n  be tween  50 end 60  min,  when a  s t e a d y  s t a t e  Q=>d been  
a c h i e v e d ,  w^s t h e r e f o r e  c a l c u l a t e d  and t h e  r e s u l t s  a r e  shown i n  
T a b l e c l p . F  and 1 5 . 1 0 .  2he F l e x i c a l  f ed  r-^ts a b s o r b e d  l e s s  w a t e r  
t n a n  t h e  c o n t r o l s  ( p < ( l , O l )  and t ' l e  Vivonex f e i  r a t s  ( p ^ O . O p )  be tween 
50 rain and 60 min.  Thus t h e  r a t e  of  a b s o r p t i o n ,  as  w e l l  as  t o t a l  
g b s o r p t i o n ,  was l e s s  f o r  t h e  r o t s  f e d  F l e x i c a l ,  F o r  g l u c o s e  
a b s o r p t i o n ,  t h e  d i f f e r e n c e  be tween c o n t r o l  and F l e x i c a l  f e d  r ^ t s  
was s i g n i f i c a n t  ( p < ( 0 . 0 5 ) f o r  t h e  50-60 min n e r i o d  o f  - c r f u s i o n .
11 y
..o s i g n i f i c a n t  d i f f e r e n c e s  be tween t h e  c o n t r o l  end Vivonex  f e d
r a t  ■' w e r e  f  o u n d .
b l p JddoIOn
The r e s u l t s  f o r  w ^ t e r  n b s o r o t i o n  i n  t h e  c o n t r o l  r ^ t s  
(l65--219|dl c n “ ^hr" *) a r e  com parab le  t o  t h o s e  r e p o r t e d  i n  t h e  
l i t e r a t u r e  f o r  i n  v i t r o  r e r f u s i o n s .  F i s h e r  and G ard n e r  (1974)
r e p o r t e d  a l e a n  w a t e r  a b s o r n t i o n  f o r  j e j u n a l  segments  i n  v i t r o
r
of  179 Ml G ! i i ”  "^ hr"" a t  t h e  g l u c o s e  c o n c e n t r a t i o n  ( l l , ImM) used  i n
"I -M *1
t h i s  s t u d y ;  and 152  j X l  cm h r  was r e p o r t e d  f o r  j e junum  p l u s
i l e u m  i n  v i t r o  ( G a r d n e r  e t  a l ,  1 9 7 3 ) .  V o t e r  a b s o r p t i o n  d u r i n g  the
— 1 — "Iday and n i g h t  i n  v i t r o  ranged  from 150 t o  219 p i  cm h r "  f o r  t h e  
e n t i r e  s m a l l  i n t e s t i n e  ( f i s h e r  and G ard n e r ,  1976) .
A g l u c o s e  c o n c e n t r a t i o n  o f  11 .1m l  was used  i n  t h i s  s t u d y  s i n c e  
w a t e r  a b s o r p t i o n  i n  v i t r o  was maximal a t  t h i s  c .-nc e n t r â t  i o n  
( f i s h e r  and G a rd n e r ,  1974) end i t  i s  é c r i v a i e n t  t o  t h e  normal planma 
c o n c e n t r a t i o n  (L e e s e  197 4 ) .
I t  has  been d e m o n s t r a t e d  ( v i s h e r  and G ardne r ,  1976 ) ,  t h a t  
w a t e r  a b s o r a t i o n  by t h e  e n t i r e  r a t  sm a l l  i n t e s t i n e  i n  v i t r o  i s  
5O-6 O.■h i g n c r  a t  n i g h t  t ^ a n  d u r i n g  t h e  day.  Group 3 r a t s  were 
t n e r o i o r e  p e r f u s e d  a t  n i g h t  t o  e s t a b l i s h  wU/jther n d i f f e r e n c e  be tween  
c o n t r o l  and Vivonex f e d  r o t s  v;ould become a p p a r e n t .  however,  no 
n i g h t - t i m e  i n c r e a s e  i n  wco.ter a b s o r p t i o \  f o r  t h e  je junum of  t h e  
c o n t r o l  r a t s ,  when p e r f u s e d  i n  vivoywas d e m o n s t r a t e d  and,  as  i n  
g roup  7> no s i g n i f i c a n t  d i f f e r e n c e  between t h e  c o n t r o l  and Vivonex 
f e d  r a t s  was fou n d .  The ab s e n c e  of  a  n i g h t - t i m e  i n c r e a s e  i n  w - t e r  
a b s o r p t i o n  found  i n  t h i s  s t u d y  may be due t o  t h e  d i f f e r e n t  n e r f u s i o n  
t e c h n i q u e  employed and  a l s o  t o  t h e  f a c t  t h a t  j e i u n a l  s e g m e n t s , 
r a t  a e r  t h a n  t h e  e n t i r e  s i - ' . l l  i n t e s t i n e ,  were s t u d i e d .  ho d i f f e r e n c e  
i n  w a t e r  a b s o r p t i o n  c o u l d  be d ergonstr-Ti:ed betvreen c o n t r o l  r - ' t s   ^
t h o s e  f e d  Vivonex,  b u t  t h e  r a t a  f e d  F l e x i c a l  showed a c o n s i s t e n t l y
11)
l o w e r  v o t e r  ab so r 'p t io n ^ v n i i ch  was s i g n i f i c a n t l y  l e s s  t h o n  f o r  t h e  
c o n t r o l s  a t  40  and 60 min h u t  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  
v ivone x  f e d  r a t s .  One r e s u l t s  f o r  g l u c o s e  a b s o r p t i o n  p a r a l l e l e d  
t n o s e  f o r  w a t e r  a b s o r n t i o n  b u t  nay r e f l e c t  u t i l i z a t i o n  o f  g l u c o s e  
by t h e  j e junum  r a t h e r  t h a n  t r u e  a b s o r p t i o n .
The r e s u l t s  of  t h i s  s t u d y  ha.ve been  e x n r e s s e d  i n  t e r n s  of  
u n i t  l e n g t h  o f  je junum as  a. measure  of  o v e r a l l  f u n c t i o n .  The t o t a l  
l e n g t h  of  t h e  s m a l l  i n t e s t i n e  f o r  t h e  r a t s  f e d  t h e  e l e m e n t a l  d i e t s  
t e n d e d  t o  be l e s s  t h a n  f o r  t h e  c o n t r o l s ,  a l t h o u g h  th . i s  was on ly  
s i g n i f i c a n t  f o r  t h e  V ivonex  f e d  r a t s  when g roups  7 and 3 were 
combined ,  w h ich  means t h a t  t h e  s l i g h t l y  low er  w a t e r  a b s o r p t i o n  n e r  
cm o f  j e j u n u a  i n  t h e  e l e n e n t a l  d i e t  f ed  r a t s  i s  n o t  c o n n e n s a t e d  f o r  
by a  g r e a t e r  l e n g t h  o f  b o w e l , I t  i s  n o t  t e c h n i c a l l y  p o s s i b l e  t o  
p e r f u s e  segaien ts  much l o n g e r  t h a n  50 cm i n  v iv o ,  so t h a t  t h e  
o v e r a l l  f u n c t i o n  o f  t h e  e n t i r e  s m a l l  bowel c a n n o t  be a s s e s s e d  by 
a s i n g l e  p e r f u s i o n .  I t  i s  n o s s i b l e ,  t h a t  n e r C u s io n  o f  i l e a l  segments  
would  r e v e a l  d i f f e r e n c e s  be tween  t h e  c o n t r o l  and V ivonex f e d  r a t s .
The r a t i o  o f  c r y o t  h e i g h t  t o  v i l l u s  h e i g h t  was a l s o  d e c r e a s e d  in  
t h e  i l e u m  o f  r a t s  f e d  t h e  e l e m e n t a l  d i e t s  ( C h a n t e r  l l ) .
.. The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  t h e  m o r n h o l o g ic a l  
c h a n g e s  p rod u ced  by one month o f  e l e m e n t a l  d i e t  f e e d i n g  a r e  n o t  
accompanied  by an i n c r e a s e  i n  je juna.1 f u n c t i o n ,  as  measured  by 
w a t e r  and g l u c o s e  a b s o r n t i o n  i n  v i v o .  S i m i l a r  r e s u l t s  liave been  
r e " o r t e l  f o r  t h e  e f f e c t  o f  Vivonex  n e r f u s i o n  a f t e r  T h i r y - V e l l a  
b y p a s s  o f  je junum  i n  tme dog.  ( J a c o b s  e t  a l ,  19 7 5 ) .  V i l l u s  h e i - h t  
was s i g n i f i c a n t l y  i n c r e a s e d  b u t  no s i g n i f i c a n t  i n c r e a s e  i n  
g a l a c t o s e  a b s o r n t i o n  wes o b s e rv e d ,  a l t h o u g h  t h e  mean v a l u e  won 
i n c r e a s e d .  d i m i l o r  d i s s o c i a t i o n s  o f  v i l l u s  h e lg l i t  and a b s o r - t i v e  
c a n a c i t y  have been  r e p o r t e d  i n  o t h e r  e x p e r i m e n t a l  s i t u a t i o n s .
1 1 4
D i l u t i o n  of t h e  d i e t  w i t h  unah s o rb ed  b u lk  ( i c a o l in )  p roduced  
enhanced  i n  v iv o  a b s o r p t i o n  o f  g l u c o s e  b u t  no change  i n  v i l l u s  
h e i g h t  i n  t h e  r a t  ( Dowling e t  a l ,  1?6'7),  and s e m i - s t a r v a t i o n  
r e s u l t e d  i n  an i n c r e a s e d  a b s o r n t i o n  o f  g l u c o s e  and h i s t i d i n e  even 
th o u g c  t h e  s m a l l  bowel showed m r k e d  a t r o p h y  ( Kershaw e t  a l ,  l ? 6 o )  . 
Sarcoma b e a r i n g  r a t s  a l s o  showed i n c r e a s e d  a b s o r p t i o n  o f  g lu c o s e  
and  h i s t i d i n e  a l o n g  w i t h  was t ing '  of  t h e  s m a l l  i n t e s t i n e  and a 
2 0 4  d e c r e a s e  i n  food  c o n s u m u t io n  (Wiseman e t  a l ,  1959) .  I n  a l l  
t h e s e  s i t u a t i o n s  n u t r i t i o n a l  demand i s  i n c r e a s e d  as  o r e s u l t  of  
d i e t a r y  s t r e s s .
I n  o t h e r  s i t u a t i o n s  i n c r e a s e d  v i l l u s  h e i g h t  i s  accomnan ied  
by i n c r e a s e d  a b s o r p t i v e  f u n c t i o n .  I n  t h e  p r e g n a n t  r a t  i n c r e a s e d  
fo o d  i n t a k e  i s  a s s o c i a t e d  w i t h  an i n c r e a s e  i n  b o t h  v i l l u s  h e i g h t  
and g l u c o s e  a . b s o r p t io n  t o  cope  w i t h  t h e  i n c r e a s e d  n u t r i t i o n a l  
demand ( l a r r a l d e  e t  a l ,  1966)  a n d , a f t e r  n a r t i a l  r e s e c t i o n ,  t h e  
r e . a a i n i n g  s m a l l  bo’Hel shows i n c r e a s e d  v i l l u s  h e i g h t  and a b s o r n t i v e  
c a p a c i t y  p e r  u n i t  l e n g t h  (Dowling  and Booth ,  1 9 6 7 ) .  S i n c e  t h e  
n u t r i t i o n a l  r e q u i r e m e n t s  o f  th e  an im a l  a r e  b e i n g  s e r v e d  by a 
r e d u c e d  l e n g t h  o f  bowel,  t h e  n e t  demand "-er l e n g t h  o f  i n t e s t i n e  
i s  a l s o  i n c r e a s e i  i n  t- 'ris s i t u a t i o n .
Thus ,  n u t r i t i o n a l  de .land may be a .more i m n o r t a n t  d e t e r m i n a n t  
o f  a b s o r p t i v e  f u n c t i o n  ^ e r  u n i t  l e n g t h  o f  i n t e s t i n e  t h a n  s u r f ? c e  
a r e a ,  as  i n d i c a t e d  by v i l l u s  i e i g h t , w hich  would e x p l a i n  t h e  la.ck 
o f  in c  ces sed  a b s o r n t i v e  funct . i on i n  t h e  .jejunum of  t h e  r a t s  f ed  
t - e  e l e c e n t a l  d i e t s  i n  t h i s  s t u d y .
Althou.gh o r a l  food  i n t a k e  and lu m in a l  n u t r i t i o n  a r e  v e r y  
i m n o r t a n t  p d le e s o n  e t  a l ,  1972; Levine e t  a l ,  1974;  J a c o b s  e t  a l ,  
1975 ; de l  Iman e t  a l ,  1975 )» and p a n c r e a t i c  and b i l i a r y  s e c r e t i o n s  
may have d i r e c t  e f f e c t s  on s m a l l  bowel s t r u c t u r e  and f u n c t i o n  
( Altmann,  1971;  'Weser e t  a l ,  I977)y humoral  media . to rs  ha.ve a l s o
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been  i m p l i c - t o d .  I n d i r e c t  e f f e c t s  o f  l i r n i n n l  n u t r i t i o n  hove 
r e c e n t l y  been  d e m o n s t r a t e d  on b y -p a s s e d  i n t e s t i n e  ( b n o r b i n  e t  a l ,  
1 9 7 6 ; Adams e t  a l ,  1971)? and  i n  t h e  dog i n t r a v e n o u s  c h o l e c y s t o k i n i n  
and s e c r e t i n  u r e v e n t  l o s s  o f  sm a l l  bowel s t r u c t u r e  and f u n c t i o n  
d u r i n g  i n t r a v e n o u s  n u t r i t i o n  ( fughes  e t  a l ,  1 9 7 3 ) .  d h ro n ic  
g lu c a g o n  a d m i n i s t r a t i o n  enhances  a c t i v e  t r a n s p o r t  by i n t e s t i n a l  
r i n g s  o f  t h e  r a t  (dudo and Rosenberg ,  1975 ) .  D i f f e r e n c e s  i n  t h e
c o m p o s i t i o n  o f  t h e  two e l em en t  ad. d i e t s  u sed  i n  t h i s  s t u d y  may a l t e r
t n e  horimonal s t a t u s  of  t h e  r a t  i n  d i f f e r e n t  ways and a c c o u n t  f o r
t h e  r e d u c e d  a b s o r p t i o n  o b s e rv e d  i n  t h e  r a t s  f e d  F l e x i c a l .
In  t h e  nor::ial i n t a c t  r e t  t'-'e i n c r e a s e  i n  v i l l u s  h e i g h t  .and 
r e d u c e d  c r y p t  h e i g h t  t o  v i l l u s  h e i g h t  r a t i o ,  which  r e s u l t s  from 
one monta of  e lementa . l  d i e t  f e e d i n g ,  i s  no t  a.ccomnanied by an 
i n c r e a s e  i n  a b s o r p t i v e  f u n c t i o n  o f  t h e  j e junum.  T h i s  may be due 
t o  t h e  f a c t  t h a t  n u t r i t i o n a l  decand  i s  n o t  i n c r e a s e d ,  and t h e  
d i f f e r e n c e s  i n  e f f e c t  be tween  t h e  two e l e m e n t a l  d i e t s  .m-ay be  due 
t o  t c e i r  d i f f e r e n t  c o m p o s i t i o n .
FXGJiîE 1 5 . 1  PERFUSION OF RAT JEJUNIPI ÏM VIVO
The p e r f u s i o n  f l u i d  i s  c i r c u l a t e d  "by a  
g a s ~ i i f t  w i t h  5^6 00^ i n  Og. The gas  
e n t e r s  t h e  f l u i d  s t r e a m  v i a  a  s y r i n g e  
n e e d l e  i n  t h e  s i d e  a.rm below t h e  v e r t i c a l  
t u b e .
F l u i d  i n  t h e  r e s e r v o i r  ( r i g h t )  and v e r t i c a l  
t u b e  ( l e f t )  i s  m a i n t a i n e d  a t  57^3 w i t h  a, 
w a t e r  j a c k e t .
Samples  ( 0 , 2  ml) were t a k e n  a t  10 min.  
i n t e r v a l s  from t h e  r e s e r v o i r  f o r  c o u n t i n g  
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FIGURE 1 5 . 2 . JEJUNAL UAÏER ABSOR-^TI'^N MEASURED AT 10 min 
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o  Control (n=9 ) 





^  P'kO'0 5 , Vivonex vs 
Flexical
FIGURE 1 5 . 5 .
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JEJUNAL GLUCOSE ABSORPTION MEASUREI) AT 10 min 
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4 . 7 4
1 .19
1 . 1 7
1 . 7 0
P o l y e t h y l e n e  g l y c o l  JOOO 
(nlOpG^'l o r  "^ -'0 l a b e l l e d  
p o l y e t h y l e n e  g l y c o l  4 0 0 0 )
1 . 2 5
Gluooze 1 1 .1
S o l u t i o n  e o u i l i b r a t e i  w i th  95 Oxygen, 
5 t c  a rb  on n i o x id e  ( v / v )
J G: 3  es  IT ION P I i r g i A T E  luED ?QR IN V I70
PERFUSION CF RAT JEJUNUM
C ont  r o l
Rat Body Weight  ( g) 
V ivonex F l e x i c a l
Groun 7 I n i t i a l F i n a l I n i t i a l F i  n a l I n i t i a l F i n a l
155 555 160 415 140 355
145 550 145 595 155 555
150 425 140 420 145 405
140 410 145 420 140 425
160 415 155 455 160 400
160 405 150 412 155 455
Mean 152 590 149 420 149 596
± SHI i  5 : 1 5 Î  5 -  8 i  4 113
Groun 3 135 545 195 575 130 543
175 525 130 400 140 565
145 550 100 542 195 575
135 360 130 405 210 445
135 345 130 455 130 575
205 575 195 467 125 575
Ne an 172 550 172 404 172 532
- 0^.1 -11 “ t -15 113 ^15 - 1 7
Groun Mean 







4 1 2 *
-10
161  
-  7 ±12
* p < 0 , 0 5  f o r  Vivonex v C o n t r o l  f i n a l  body w e ig h t  (Groups 7 and 
3 combine i ) .
TA-LE 1 5 . 2
INITIAL Aj'D FINAL T^TN./ilGU^ S ( -)  TOR GROUP 7 A"C 3 R,AT3 
( 4 - 6  w j..a:c ON n :n j i :.gj
Leng th 0f  Sm al l  I r
j
Jkf s t iRÊ. —Cg'I )
C o n t r o l Vivonex F l e x i c a l
Groun 7 127 .0 1 2 5 . 5 126.5
1 1 3 . 0 1 1 9 . 5 1 2 0 .5
132 .5 1 2 2 . 5 1 5 2 .5
14 3 .0 1 2 5 . 5 1 2 3 . 5
1 5 0 . 5 1 3 5 . 0 1 2 2 . 5
1 5 6 . 5 1 2 0 . 5 1 5 6 . 5
i-Iean 1 5 0 . 4 1 2 4 . 4 1 2 7 . 0
:  4 . 1 -  2 .0 1 2 .6
Grouu 8 1 5 6 . 0 1 5 0 . 0 1 3 5 . 0
1 2 5 . 0 12 2 .0 12 9 .0
1 4 1 . 5 1 5 2 . 0 1 2 2 .5
1 2 5 . 0 1 5 1 . 0
1 3 9 . 5 1 3 6 .5 123.5
1 5 9 . 0 1 5 2 . 0 1 5 0 . 5
Mean 1 5 6 . 2 1 2 9 .6 1 29 .0
i  jN'-i i  2 . 9 ± 2 .2 1 .5
Grouns 7-^3 1 5 5 . 1 1 2 7 . c * 128 .0
Mean ±  SEN t  2 . 7 i  1 . 6 " 1 .4
^ p < 0 . 0 5  f o r  1' ' ivonex  v ’o n t r o l  (Gr oups 7 and 3 comhinr
TAILE 1 3 .3
EFFfl'D OF D I M /' “1 j. 2) Y ^y-n Eg EDIEG on T-3  LENGTH CD 3MALT
I..T_:oTINE GF GROUP 7 AND 3 RATS
D i s t a n c e  i n  cm from p y l o r u s  t o  i l e o - c a e c a l  v a l v e
Leng-th of P e r f u s e d Segment and D i s t a n c e  from Pylorus(cm)
C o n t r o l Vivonex F l e x i c a l
PS D PS D PS D
Group 7 30 .0 11 32.5 19 32.5 15
2 4 .0 15 29.5 28 34.5 21
36.5 24 28,5 16 20.5 16
- - 17.5 14 23.5 21
30.5 28 - - 23.5 14
27.5 24 24.5 16 29.5 17
| ] ean  
-  S M
29 .7




- 2 . 6 11 27.3- 2 . 3 11
Grour 8 22 oO 18 2 4 .0 17 31.0 13
- - 21 .0 17 1 7 .0 21
17o5 20 ** 23.5 19
— 22.0 17 22.0 19
31.5 19 30.5 18 27 .5 15
28 .0 16 19.0 21 » —
Mean 24 .8 18 23.3 18 2 4 .2 17+ SEÎ.I - 3 . 1 + 1 t c . o t l - 2 . 4 -2
Groun 




- 1 . 9 11 24,9t i . 6 1: 2 5 .9t .1 . 7 11
PS Length of  p e r f u s e d  segment (cm)
D = D i s t a n c e  from p y lo r u s  t o  segment (cm)
No s i g n i f i c a n t  d i f f e r e n c e s  between the  t h r e e  d i e t a r y  t r e a t m e n t s  
f o r  gr'oup 7 o r  8 o r  t h e  two groups  combined.
TABLE 13 .4
LENGTH OF PERFUSED SBGI.SKT OF JBJUNmi (CM) AND DISTANCE FROM
PITCHES TO SEGEIET (CE) EOX CROUP 7 AND GROUP 8 ILftTS
Water  A b so rp t io n  (pO.
—“— ....  ' t
—1 \ ecm )
Time C o n t r o l Vivonex F l e x i c a l  .













- 2 . 2














8 2 . 0
8 ,0
35.3
22 .4  
19.0
- 7 0 .3
- 1 0 .3




—1 6 , 9
^53.3
-1 8 .0
, - 3 . 5












8 9 . 5
5 4 .5
4 7 . 6  
2 5 .1  
4 9 . 3
Mean
tsEI/i
^ 9 4 .0





- 9 . 4
...................
TABLE 13.5
EFFECT OF ELSIEIÏTAL DIET FEEDING FOR ONE MONTH ON 
WATER ABSOHTTIGF BY R/.T JEJBITÜM IN VIVO,GROUP 7 
RATS » LAYTIÎ.1E PERFUSION
W ater  Abs o r p t i o n  (|4\1, cm
Time C o n t r o l Vivonex F l e x i c a l
40 min 8 4 , 1 1 4 5 .4 7 6 .2
1 7 3 .7 189.5 134 .6
239 .5 203*5 5 9 . 4
9 8 . 1 68 .9
1 09 .8 — 6 5 . 6
1 4 2 .3 5 9 . 7 5 4 .5
Mean 1 4 9 .9 1 3 9 .2 ^ 7 6 .5 *
-SHi - 2 7 .0 - 2 7 .1 - 1 2 .0
50 min 120.8 1 7 8 .0 90 .5
2 3 9 . 7 2 2 7 .0 188.6
2 9 3 .0 268.0 120 .5
- 1 3 4 .9 1 1 9 .2
1 5 7 .8 - 72 .0
21 6 .2 7 1 . 4 8 4 . 4
Mean 20 5 .5 1 7 5 .9 112.5*
-SELÎ “ 30.3 - 34 .4 - 1 7 . 1
60 min 1 4 8 .7 1 7 9 .1 1 2 9 .1
2 8 4 .1 2 7 2 .3 2 2 6 ,7
3 2 5 .7 333 .5 1 2 4 ,6
1 9 3 .1 1 1 9 .3
1 8 4 .6 - 9 7 .1
1 3 6 ,6 1 2 6 .9 106.9
Mean 2 1 5 .9 221.0 1 3 4 . 0*
-SKA - 3 7 .7 -3 6 .5 - 1 9 .2









Glucose Absor p t i o n  (|s\moI„. cm ' ' ) 
C o n t r o l  Vivonex F l e x i c a l
2 .27 1.45 1.47
1.65 2.34 1 .03
1.60 3.70 1 .07
» 1.99 3.62
2 .87 - 1.08




‘^ . 5 3
2.46 
t o . 39
^ 5 .0 6
t l . 0 2
^ 1 .7 3
t o . 41
3.60 1.96 3.92
4 .2 0 4 .49 3.21
5 .9 4 5.65 2.91
- 8 .32 6.08
5 .96 - 4.40
6 .19 4.86 4 .23
+4.12
-0 .4 6
30 min 5.45 4 .41 5.69
6.20 6.98 4 .99
6 .70 8.22 4.00
- 8 .1 9 7.35
6 .70 - 5.85
8 .22 7.21 6 .73
Mean
tsEM
^ 6 . 7 7
t o , 46
7.00 
t o . 69
5 . 7 7
:0.49
TABLE 1 3 .6  
EFFECT OF ELE 'AL DIET FEEDING FOR ONE MONTH ON
GLUCOSE ABSORPTION BY R.ET JEJUNUM IN VIVO.
GROUPS 7 RATS -  DAYTIME PERFUSION
Glucose Abso rp tio n  ( fimolj cm ^ )
Time C o n tro l Vivonex F le x ic a l





Mean 9.18 8.86 0.7-38
tsEM -0,66 t o . 72 t o . 36
50 min 9.34 8.06 7.67
9.14 8.75 7.5612.28 11.53 7.67
— 11.52 8.59
10.23 ». 9.1310.68 8.92 8.70
Mean
tsEM 10.33  t o , 56 .9.75t o . 74
8.22**
IO.27






Mean 11.67 11.81 ^ 9 . 45*tSEM to . 62 to.89 t o . 39
«• P < 0 .0 5 , *» p < 0 . 01 fo r  C on tro l v F le x ic a l
TABLE 13  o 6/COliTINÜED
W ater A bsorption  (p i,cm 1 )
Time C o n tro l Vivonex F le x ic a l
10 min 67.0 4.5
- 91.7 16.6
34.9 ** - 62.2
“ -1 3 .7 -  6 .0
4 .0 1.5 - 15.8
“3.5 13.3
Mean 11.8 32.0 -12 .6
tsEîi t i l . 8 t20o2 t-13.5
20 min -3 8 .0 47.0 7.2
— 95.6 5.9
23.7 —  ■ - 7.1
- 2 .0 15.2
21.2 40 .4 40.2
12.2 58.0
Mean 4 .8 48,6 12.3
tsEM t l 4 . 5 t i 5 . i t ? . 8






Mean ^5 9 .0 ^ 4 3 .7 ^4 9 ,9
t s iM t2 7 .4 t i 8 . 6 t l 2 . 6
T/GBLE 13 F  
EFFECT OF ELS/FMTAl DIET FEEDING FOR ONE MONTH ON
WATER ABSGRFnCM BY ll/vT JEJUIRJM IN VIVO. GROUP
8 RATS -  :;ic-HTi:.E i iRPrsicN
Time
V[ater A b so rp t io n  ( Ml, cm
Ï
C o n t r o l Vivonex F l e x i c a l

























111.3 131.6 - 95.5
133.9 —
Mean ^ 85.5 _93.5 87.2
t s E l t .20.0 ^3 0 .2 t .24.0
60 min 122,2 51.9 9 2 .6
- 167.0 1 1 8 .2
173.4 " 72.5
** 102.6 178 .6
1 3 9 .0 135.3 8 9 . 0
226.3 177.1
Kean 165.3 126.8 110.2
t s E i 4-- 2 3 .0 t .22 .8 - I 8 .6
TABLE 1 3 . 7/cc::ti:.rk d
G lucose A Bscriilion (fimol .cm )
Time C o n tro l
r
Vivonex F le x ic a l
10 min 2.92 1.95
3.11 3.05
2.59 — 2.46




4.2.53t o . 36
+ 2.89  
t o , 34





Mean -.3.16 4.84 4-4.51
tsEïî t o . 72 t o , 63 to.41





Mean ^4 .65 6.84 6.04
t-SEM t o ,87 —0,42 t o „43
TABLE 13,8
EFFSCT OF EL3.IETTAL DIET FEEDING FOR ONE MONTH ON 
GLUCOSE ABSORPTION BY RAT JEJEÜNHI.Î IN VIVO.
GROUP 8 RATS -  NISHTIME PERFUSION
Time
Glucose A bsorption  (#mo3. ocm )
C o n tro l
..........^......
Vivonex F le x ic a l
40 min 5 .40 8.69 6.15
« 8 . 4 2 8 .46
7.58 - 6,63
- 8 .9 9 8 .68
6.96 6 . 76 6.77
9.60
Mean 6,65 ^ 8 .4 9 ^ 7.34
tsEM t o , 65 t o . 48 t o . 5 2
50 min 6 .1 3 10,39 6.97
« 8 ,1 1 -
7 .61 — 6.35
7.50 10.36
8 . 2 9 7.04 7.87
10,02
Mean ^7 .3 4 8,61 J . 8 9
tsEK —0 * 64 t o . 67 10 .8 8






Mean ^9.78 10.06 ^ 9.27tsE.: to .89 t o . 71 t o . 76
TABLE 13.8/CGNTINUED
W ater  A b so rp t io n  30 to  ()0 nan (Lil.cm )
C o n t r o l Vivonex F l e x i c a l
107.5 113.4 52.2
191,6 141.9 137,2




Group 8 133.2 48.6 62 .1
58.6 23.9




Mean 125.5 109*8* 6 9 . 3**
NSEM t l 2 . 8 t l 2 . 7 ^ 9 . 8
** p < 0 . 0 1 f o r  C o n t r o l  v F l e x i c a l
* P<0o05 f o r  Vivonex v F l e x i c a l
EFFECT OF I-XEÎ.HNTAL DIET FI'XDING ON WATER IXSORPTION






F l e x i c a l












Mean 4.68 -.4.02 _ 3 .48*tsEM t o , 37 t o , 35 t o , 29
* p<^0o05 f o r  Control  v F l e x i c a l  
TABLE 13.10
EFFECT OF ELE.rTITAL DIET FEEDING ON GLUCOSE ABSORPTION
BY RAT JEJLRXM DURING THE SECOND HALF-HOUR OF PERFUSION
O'ÎAPTSR 14
YIYClXv oUPPLE'-IElTATIO:: IN UNTREATED ADULT
OOELIAG DISEASE; ATTESTS ON JEJUNAL
STRUCTURE A:.D FUNCTION
INTROD'XTIO::
’'O o e l i a c  i i s e a s e  i s  a  c o n d i t i o n  c h a r a c t e r i s e d  by a l e s i o n  of  
t h e  s n a i l  i n t e s t i n a l  nuoosa  r e l a t e d  t o  y l u t e n  i n g e s t i o n ,  a s s o c i a t e d  
w i t h  m a l a b s o r p t i o n  and p e r s i s t i n g '  t h r o u g h o u t  l i f e  i n  t h e  p r e s e n c e  
o f  p ' lu t e n .  The l e s i o n  s h o u ld  be shown t o  improve on a g l u t e n - f r e e  
d i e t "  \ J t e w a r t ;  1974 ) .  E x a m in a t io n  of a  j e j u n a l  b i o p s y  spec im en  
by ster .3 om ic roscopy  shows a f l a t  mucosal  s u r f a c e  and e x a m in a t io n  
o f  h i s t o l o g i c  s e c t i o n s  shows c r y p t  h y p e r p l a s i a  and v i l l u s  a t r o p h y .
The i n i t i a l  e v e n t  i s  p r o b a b l y  an  i n c r e a s e d  s h e d d in g  o f  e n t e r o c y t e s  
w h ich  i s  t h e n  com pensa ted  f o r  by an  i n c r e a s e  i n  t h e  s i s e  of  t h e  
p r o l i f e r a t i v e  and m a t u r a t i o n  com par tm ents  of t h e  crcynts ,  c o u p l e d  
w i t h  a h a l v i n g  o f  t h e  c e l l - c y c l e  t im e  of  c r y n t  c e l l s .  The n e t  
r e s u l t  i s  a s i x - f o l d  i n c r e a s e  i n  c e l l  o u t p u t  from t h e  c r y p t s .
( ’. / a t 3 on  a n d  r i g h t ,  1974)
A lth o u g h  t h e  c l i n i c a l  r e s p o n s e  t o  a  g l u t e n - f r e e  d i e t  i s  u s u a l l y  
r a p i d  t h e  h i s t o l o g i c a l  a p p e a r a n c e  of t h e  n ro x im a l  je junum  may n o t  
r e t u r n  t o  normal  u n t i l  two o r  t h r e e  y e a r s  l a t e r , o r  may n e v e r  e n t i r e l y  
r e t u r n  t o  n o r m a l . However,  improvements have been  shown a f t e r  s i x  
t o  e i g h t  weeks ( Y a r l l e y  e t  a l ,  1962 ) .
E a l a b s o r p b ie n  o f  w a t e r  and e l e c t r o l y t e s  i n  t h e  p ro x im a l  je junum 
o f  a  p a t i e n t  w i t h  c o e l i a c  d i s e a s e  was d e m o n s t r a t e d  by dched l  and 
C l i f t o n  ( 1 9 6 5 ) u s i n g  a s im p le  doub le  lumen p e r f u s i o n  t e c ' i n i - u e ,
Scbj.ii d e t  a l  ( i d c  9) u s i n g  a  doub le  lumen tu b e  w i t h  o c c l u d i n g  
b a l l o o n , t o  e x c l u d e  p ro x im a l  endogenous  s e c r e t i o n s  from t e s t  
s egm en t ,  d e m o n s t r a t e d  s e c r e t i o n  of  w a t e r  and e l e c t ro l ;^ ’- ts s  i n  t h e  
je junum  of  n i n e  p a t i e n t s  w i t h  c o e l i a c  i i s e a - e .  T h ree  o f  t h e s e  
p a t i e n t  1 were ’; s r f \ ' s e i  a m i n ,  t ’so t o  10 months a f t e r  i n t r o d u c t i o n  
o f  a  g l u t e n - f r e e  d i e t ,  and a s e c r e t o r y  s t a t e  W'-'.s s t i l l  foun^ t o  
be ' ' r e c e n t  r l t h o u g h  t  o nw t ie nbc  were i n  c l i n i c a l  r e  . l e s i o n .
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Reduced a b s o r p t i o n ,  w i t h  n e t  s e c r e t i o n  i n  t e n  c a s e s ,  was a l s o  
i e m o n s t r a t e d  by R u s s e l l  e t  a l  (1972)  i n  a p e r f u s i o n  s t u d y  of  
f o u r t e e n  p a t i e n t s  w i t h  u n t r e a t e d  a d u l t  c o e l i a c  d i s e a s e  u s i n g  a 
t r i u l e  lumen tu b e  sy s tem .  A s l i g h t  improvement i n  a b s o m t i o n  wa,s 
d e m o n s t r a t e d  when f i v e  of  t h e s e  p a t i e n t s  were p e r f u s e d  a g a i n  two 
t o  f o u r  months a f t e r  g l u t e n  w i t h d r a w a l ,  b u t  t '^e improvement  was 
n o t  marked .  The h i s t o l o g i c a l  a n p e a ra n c e  o f  t h e  j e j u n a l  mucosa 
a l s o  show'ed some improve cen t  b u t  none o f  t h e  b i o p s i e s  were r e g a r d e d  
a s  e n t i r e l y  n o r m a l ,
The e f f e c t s  o f  Vivonex on t h e  morphology o f  r a t  je junum ,  
wM ch have  been  d e m o n s t r a t e d  i n  d h a p t e r  11,  showed a r e d u c t i o n  i n  
t h e  c r y p t  h e i g h t  t o  v i l l u s  h e i g h t  r a t i o ,  i n d i c a t i v e  of  i i n ' ro v e d  
e n t e r o c y t e  s u r v i v a l .  T h i s  s u g g e s t s  t h a t  Vivonex  may have a d d i t i o n a l  
a d v a n t a g e s  f o r  t h e  i n i t i a l  t r e a t m e n t  o f  c o e l i a c  d i s e a s e  comnared 
w i t h  a  normal g l u t e n - f r e e  d i e t »  E le m e n tn l  d i e t  t h e r a u y  has been  
r e p o r t e d  t o  be b e n e f i c i a l  d u r i n g  t h e  a d e ^ t i v e  n h a s e  of s h o r t  g u t  
syndrome i n  man ( V o i t k  e t  a l ,  197b) b u t  has  n o t  been  i n v e s t i g a t e d  
i n  r e l a t i o n  t o  c o e l i a c  d i s e a s e .
P e r f u s i o n  t e c h n i o u e s  em ploy ing  a  s im p le  doub le  lumen tu b e  
(S c h e d l  and l l i f t o n ,  I 9 6 5 ) w i t h  an  i n f u s i o n  p o i n t  and a d i s t a l  
c o l l e c t i o n  p o i n t  m-ke no a l lo w a n c e  f o r  endogenous  s e c r e t i o n s  
e n t e r i n g  tme t e s t  segment from above.  P ro x im a l  o c c l u d i n g  b a l l o o n s  
^ p n i l l i p s  and d u . o a e r s k i l l , I 9 6 6 ) and t h e  i n c o r u o r a t i o n  of  
m i x in g  segment i n  t h e  t r i u l e  lumen tu b e  sys tem  ( d o o n e r  e t  a l ,  1966) 
have  b e e n  used  t o  ove rcone  t h i s  i n h e r e n t  e r r o r  i n  t h e  s tu d y  of  
w a t e r  and e l e c t r o l y t e  a b s o r p t i o n  i n  man. The d i s a d v a n t a g e  of  
o c c l u d i n g  b a l l o o n s  i s  t n a t  t h e y  may s t i m u l a t e  p e r i s t a l s i s  and 
c a u s e  b u c k l i n g  o f  t h e  tu b e  i n  t h e  g u t ,  l i n d e n  and Dawson ( l l 6  3) 
compared  and s im p l e  d o u b le - lu m e n  sys tem w i t h  a t r i p l e - l u m e n
p e r f u s i o n  s y s t e m  i n  h e a l t h y  v o l u n t e e r s  and c o n c l u d e d  t h a t  t h e  
m a g n i tu d e  o f  e r r o r s  r e s u l t i n g  from u n c o r r e c t e d  endogenous  s e c r e t i o n s  
was n e g l i g i b l y  sm al l»  I n  d i s e a s e  s t a t e s ,  however,  endogenous 
s e c r e t i o n  may be a l t e r e d  and t h u s  a t r i p l e - l u m e n  sys tem  w i t h  a. 
m i x in g  segment w i l l  y i e l d  more a c c u r a t e  r e s u l t s .
P h e n o l  r e d  and p o l y e t h y l e n e  g l y c o l  w i t h  a m o l e c u l a r  w e ig h t  of  
4000  \PEG) a r e  commonly u sed  volume markers  and have  been  
v a l i d a t e d  f o r  u s e  i n  man ( S c h e d l ,  I 9 6 6 ) ,  The u s e  o f  PBC9 was
im proved  by u s i n g  l a b e l l i n g  t o  s i m p l i f y  i t s  measurement  i n  t h e  
p e r f u s a t e s  (W inga te  e t  a l ,  1972)  and t h e  need  f o r  u s i n g  c a r r i e r  
PEG has  r e c e n t l y  been  examined ( Helrnan and  E a r b e z a t ,  1 9 7 8 ) .
AIM OP 3Tj EY
To d e t e r m i n e  t h e  e f f e c t  o f  s u p p le m e n t i n g  a  g l u t e n  f r e e  d i e t
w i t h  V i v o n e x , I  o r  one month,  on t h e  a b s o r n t i o n  o f  w a t e r  and
e l e c t r o l y t e s  and on j e j u n a l  morphology i n  p a t i e n t s  w i t h  u n t r e a t e d
a d u l t  c o e l i a c  d i s e a s e  by c o m p a r i s o n  w i t h  t h e  r e r o u t e d  e f f e c t s  of
a g l u t e n  f r e e  d i e t  a l o n e ,  u s i n g  a t r i p l e  lumen tu b e  p e r f u s i o n
Vsy s t e m  em ploy ing  p h e n o l  r e d  and ~G l a b e l l e d  p o l y e t h y l e n e  g l v c o l  
4900 a-3 n o n - a b s o r b a b l e  m a rk e r s ,
.1ETH003 AMD PATIENTS 
p a t i e n t s  S t u d i e d
F o u r  p a t i e n t s ,  two male and two f e m a le ,  w i t h  u n t r e a t e d  a d u l t  
c o e l i e c  d i s e a s e  were s t u d i e d .  They v o l u n t e e r e d  a f t e r  a f u l l  
e x p l a n a t i o n  o f  t h e  n a t u r e  of  tTue s t u d y .  The mean axce was 4I  ’^■’‘e a r s  
( r a n g e  2 2 - 5 6 / .  Cf t h e  f o u r  p a t i e n t s ,  two were newly d i a g n o s e d  
c a s e s  o f  a d u l t  c o e l i a c  d i s e a s e ,  one p a t i e n t  had been  known z o  s u f f e z  
from c h i l d h o o d  c o e l i a c  d i s e a s e  but  had been o f f  a  g l u t e n  f r e e  d i e t  
f o r  a  . -e r iod  o f  t w e l v e  y e a r s  and t h e  f o u r t h  p a t i e n t  had l a p s e d  from 
h i s  g l u t e n  f r e e  d i e t  tw e l v e  months p r e v i o u s l y  and had a  r e c u r r e n c e
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of  3y::intoos, A l l  p a t i e n t s  had d iarrhoea  and t h i s  v a r i e d  from 
4 -1 0  motions a day,  i n  one p a t i e n t  s t e a t o r r h o e a  was e v id e n t  w ith  
a f a e c a l  f a t  g r e a t e r  than ^Ommol per day, and th r e e  p a t i e n t s  were 
m i l d l y  anaemic w i th  a haemoglobin range between 1 2 , 1 - 1 2 . 9g.  A l l  
f o u r  h^d lev/ serum f o l a t e  end one p a t i e n t  had a low serum i r o n .
J e jun a l  b iopsy  sh.owed s u b t o t a l  v i l l u s  atrophy in  th r e e  p a t i e n t s  
an;, s e v e r e  p a r t i a l  v i l l u s  atrophy i n  the  fo u r t h .  The d ia g n o s i s  of  
c o e l i a c  d sea.se was l a t e r  conf irmed by showing impx'ovement of  
j e j u n a l  h i s t o l o g y  a f t e r  s i x  months o f  g l u t e n  withdrawal .
Each p a t i e n t  underwent a p e r f u s io n  and j e j u n a l  b iop sy  at  th e  
b e g in n in g  o f  the  s tu d y .  They were th en  commenced on a g lu t e n  f r e e  
d i e t  w i th  Vivonex supplement f o r  a p er iod  o f  one month. Each 
p a t i e n t  was asked t o  s t a r t  w i t h  one packet o f  Vivonex and to  
i n c r e a s e  t e e  d a i l y  i n t a k e  by a racket  a day over  a per iod  o f  s i x  
days .  Three p a t i e n t s  were ab le  to  take s i x  r a c k e t s  o f  Vivonex  
d a i l y  ( s u p p l y i n g  6 g n i t r o g e n  and 1300 c a l o r i e s )  w ith ou t  any 
s i d e  e f f e c t s  but th e  f o u r t h  p a t i e n t  only manured t o  take  two 
r a c k e t s  d a i l y  w i th ou t  arpravo.t ion o f  h i s  d iarrhoea .  The p a t i e n t s  
were p r e s c r i b e d  f o l i c  a c id  i n  a dose o f  5mg 3 hourly .
Af t e r  one .xonth cT t r e a t  cent w ith  Vivonex and g l u t e n  withdrawal  
th e  p a t i e n r s  undnr'went a second r e r f u s i o n  and j e j u n a l  b io n s y ,  
_ie_thqds
A t r i r . l e  lumen tube ^ e r f  i s io n  t echn iq u e  was used w i th  a Ipcm 
mixing serpsent aril pOcm t e s t  segment ( f i g u r e  1 4 . l ) , a s  n r e v i o u s lv  
d e s c r ib e d  ( l o o k e r  e t  a l ,  l?6b;  Sladen and Dawson, 116 3; k u s r e l l  
e t  a l ,  1 1 7 2 ) .  Radio-opaque o o l y v i n y l  tu b in g  w i th  an i n t e r n a l  
■dim set  ex' of  Im i v/as used (Ports'c L td . ,  . y t n e ,  Tent)  and the  
C o n s t i t u e n t  tubes  were ce  lented t o g e t h e r  w i th  P ortex  v i n y l  ce sent .
A Jrosby j e j u n a l  b ionsy  c a n s u le  was a t tach ed  t '■ the  end o f  t^o tube.
A f t e r  a.n ov e rn ig 'n t  f a s t ,  t h e  t u b e  v;as uansod  o r a l l y  and p o s i t i o n e d  
u n d e r  r a d i o g r a p h i c  c o n t r o l  so t h a t  t h e  i n f u s i o n  p o i n t  was j u s t  
l i s t a l  t o  t h e  l i g a m e n t  of  T r e i t z .  The i n f u s i o n  r a t e  was 15ml/rain,  
w h ich  was o b t a i n e d  u s i n g  a  c o n s t a n t  f low nuiip ( ' / a t s o n  and ' lar iow 
L t d . ,  F a lm o u th ,  C o rn w a l l )  and t h e  n e r f u s i o n  f l u i d  c o n s i s t e d  o f  
i s o t o n i c  g l u c o s e - s a l i n e  (56:;fî g l u c o s e )  w i t h  p h e n o l  r e d  ( i 7 , d m g / l )  
and r JG  4010 ( l . 2 ÿ d n )  l a b e l l e d  w i t h  I ^ O - P E d f l ^ d i / l )  as  non- 
a b s o r b a b l e  max k e r s .
The s o l u t i o n  was i n f u s e d  f o r  an  e q u i l i b r a t i o n  p e r i o d  o f  60min 
t o  o b t a i n  s t e a d y  s t a t e  c o n d i t i o n s  ( R u s s e l l  e t  a l ,  1972) and t h e n  
3 X 10 min c o l l e c t i o n s  were cade from t h e  p r o x im a l  and d i s t a l  
c o l l e c t i o n  p o i n t s  u s i n g  a . / a t s o n  Marlow pump w i t h  a t e n  c h a n n e l  
d e l t a  a t t a c h m e n t . S t a n d a rd s  were  t a k e n  from t h e  p e r f u s i n g  s o l u t i o n  
i n i t i a l l y  and a t  t -e end o f  t h e  p e r f u s i o n .  A f t e r  t h e  c o l l e c t i o n  
had been  c o m p le t e d  t h e  t u b e  was w i thdraw an  u n t i l  t h e  b i o n s y c a n s u l e  
was s i t u a t e d  j u s t  beyond t h e  l i .gament o f  T r e i t z ,  The c a p s u l e  wa.s 
t n e n  f i r e d  t o  o b t a i n  a spec im en  o f  t h e  j e j u n a l  mucosa.  The 
spe c im e n  was examined  s t e r e o m i c r o s c o p i c a l l y  and t h e n  f i x e d  i n  
f o r m o l - s a l i n e  f o r  h i s t o l o g i c a l  e x a m in a t io n .
The volume o f  t h e  c o l l e c t i o n s  wa,s n o t e d  and  t h e y  were t h e n  
a n a l y s e  1 f o r  q lu c o se  and e l e c t r o l y t e  c o n c e n t r a t i o n s  bv p u t o a n a l y s e r  
met.cods,  c o u r t e s y  o f  t h e  D e p a r tn e n t  o f  P a t h o l o g i c a l  Dioche t i s t r y  
a t  Dias  pow Royal I n f i r m e r a .  P^menol r ed  c o n c e n t r a t i o n  vas  d e t e rm in e d  
s p e c t r o p h o t o m e t r i c a l l y  a t  puOnm, u s i n g  a G i l f o r d  3D0b s p e o t r o -  
p ho t  om e te r  j ' :/ mixin. : '  1ml of s.o. . u l s  w i t h  9 ml o f  t r i s o d i u m  Ahosnha te 
(D.lTi) and mixing  w e l l . PAG c o n c e n t r a t i o n  was d a t e r n i n e d  by 
a d d i n g  10ml o f  I n s t a y e l  s c i n t i l l a n t  t o  a  D . lm l  p l i n u o t  o f  sample 
and c o u n t i n g  on_a rac. ia .rd T r i - 9 a r b  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  
( facm ar . i  I n s t r u m e n t  s i t ' . ,  .ce-d in g )  . yae. ichinp was min imal but
v;p.s c o r r e c t e d  f o r  by a u t o m a t i c  e x t e r n a l  s t a n d a r d i s a t i o n  and
14 -,p . re p a rGi  s t a n d a r d s  of  1.
C a l c u l a t i o n s
( 1 ) l e t  w a t e r  a b s o r p t i o n  Q,, -
Q.JJ = ( I  X Ml)
%  X •'p
T "
J.iG-re _ l e t  f low  i n  o r  out  o f  segment
( - v e  i n d i c a t e s  s e c r e t i o n )
-  Flow e n t e r i n g  segment 
"  Flow l e a v i n g  segment 
1 -  I n f u s i o n  r a t e
IL “  l o n e e n t r â t i o n  o f  m arke r  i n  i n f u s e d  s o l u t i o n
C o n c e n t r a t i o n  o f  m a rk e r  i n  p ro x im a l  c o l l e c t i o n  
Mar. :er  c o n c e n t r a t i o n  i n  d i s t a l  c o l l e c t i o n
S = Sam nl ing  r a t e  n r o x i m a l l y
P  '
( 1 1 ) Net a b s o r p t i o n  o f  e l e c t r o l y t e s  = 3^ x x
Where 3^ = E l e c t r o l y t e  c o n c e n t r a t i o n  i n  n r o x im a l
c o l l e c t i o n
3/5 = E l e c t r o l y t e  c o n c e n t r a t i o n  i n  d i s t a l
c o l l e c t i o n .
A b s o r p t i o n  wzs c a l c u l a t e d  u s i n g  b o th  imarkers and t h e  mean
v a l u e  t a k e n ,  a l t h o u g h  s i m i l a r  r e s u l t s  were o b t a i n e d  by b o th  methcds..
The r e s a l e s  f o r  ea c n  of  t h e  t'^.ree 10 min c o l l e c t i o n s  a g r e e d  q u i t e
c l o s e l y  i n d i c a t i n g  t h a t  s t e a d y - s t a t e  c o n d i t i o n s  had been  o b t a i n e d
and a g a i n  t h e  mean o f  t h e  t r r e e  p e r i o d s  was c a l c u l a t e d .  Water
-  1-  -  1a b s o r p t i o n  was e x o r e s s e d  as  ml h r  pOcm end sodium and c h l o r i d e
-  1 -  1a b s o r p t i o n  as  mmol h r  3 0cm
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The w a t e r ,  s o l i u m  and c u l o r i d e  a b s o r p t i o n  f o r  each  n a . t i e n t ,  
b e f o r e  and a f t e r  one month o f  t r e a t m e n t  w i t h  Vivonex  and a g l u t e n -  
f r e e  d i e t  i s  shown i n  T a b l e  1 4 / 1 .  The mean w a t e r  t r a n s p o r t  b e f o r e  
t r e a t m e n t  was a n e t  s e c r e t i o n  o f  6 1 , 3  62 ,3  ( “ GIl-l) ml hr"^30cm"^
w h ich  i s  com parab le  t o  t h e  v a l u e s  r e r o u t e d  n r e v i o u s l y  f o r  u n t r e a t e d  
a d u l t  c o e l i a c  d i s e a s e  ( R u s s e l l  e t  a l ,  1972) ,  A f t e r  one month of  
t r e a t m e n t  t h e  mean w a t e r  s e c r e t i o n  was 22 .5  ” 14 .6  ml h r ” 30cm*" . 
The sodium and c h l o r i d e  r e s u l t s  showed a  s i m i l a r  p a t t e r n .  T h i s  
s l i g h t  improvement i n  mean w-^ter a b s o r p t i o n  i s  i n  ag reem en t  w i t h  
t h e  e f f e c t  o f  g l u t e n  w i t h d r a w a l  w i t h o u t  Vivonex s u p p l e m e n t a t i o n  
d e m o n s t r a t e d  p r e v i o u s l y  ( R u s s e l l  e t  a l ,  1972) and s u g g e s t s  t h a t  
Vivonex  has  c o n f e r r e d  no a d d i t i o n a l  ad v a n ta g e  to  g l u t e n  w i th d r a w a l  
a l o n e .
l o n s i d e r i n . g  t h e  i n d i v i d u a l  p a t i e n t s ,  i t  can  be s e e n  t h a t  
a l t h o u g h  p a t i e n t  2 w i t h  a s e v e r e  s e c r e t o r y  s t a t e  showled a. marked 
r e d u c t i o n  i n  s e c r e t i o n ,  no r e a l  change  o c c u r r e d  i n  t h e  o t h e r  t h r e e  
p a t i e n t s  a f t e r  one month o f  t r e a t m e n t .  A l l  t h e  v a l u e s  a r e  w e l l  
below t h o s e  p r e v i o u s l y  r e - o r t e i  f o r  normal  v o l u n t e e r s  
(220  -  21 ml h r "  30cm ) .  P a t i e n t  1 showed a change  f rom n e t  
abs  r p t i o n  t o  s l i g h t  s e c r e t i o n  and p a t i e n t  f o u r  cmangei  f rom n e t  
s e c r e t i o n  t o  n e t  a b s o r p t i o n ,
h i s t o l o g i c a l  ex;a l i n a t i o n  o f  t h e  j e j u n a l  b i o p s i e s  per for .- ied a t  
t h e  s t a r t  o f  t h e  s t u d y  r e v e a l e d  s u b t o t a l  v i l l u s  ?t r o p h y  i n  t h r e e  
p a t i e n t s  and s e v e r e  p a r t i a l  v i l l u s  a t r o p h y  i n  t h e  f o u r t h .  A f t e r  
one month of  t r e a t m e n t  r e : ) e a t  j e j u n a l  b i o n s i e s  r e v e a l e d  o n lv  minor  
cha-npes i n  t ' : e  h i s t o l o  i c a l  a w ^ e a ra ^ c e s .  Cue c.cse bad d e t e r i o r a t e d  
and showed s u b e ^ i t h e l i a l  d e n o s i t i o n  o f  c o l l a v ^ n .  The o t h e r  t b p e o  
c a s e s  showed some m i ld  imurovement  w i t h  a  r e d u c t i o n  of  t h e  n la sm a
i z y
c e l l  i n f i l t r a t e  and improvement i n  t h e  h e i g h t  o f  t h e  s u r f a c e  
e m i t h e l i u - i .  O l i  l i c a l  imurove len t  o c c u r r e d  i n  a l l  4 p a t i e n t s  
d u r i n g  t h e  t e s t  p e r i o d ;  t e y  f e l t  g e n e r a l l y  b e t t e r  and t h e i r  
d i a r r h o e a  d i s r .ppea red .
DldJ j o Dio:;
T h i s  s t u d y  f a i l e d  t o  show any marked im nrovement i n  t h e  
a b s o r p t i o n  o f  w a t e r  and e l e c t r o l y t e s  a c r o s s  t h e  j e j u n a l  mucosa 
i n  p a t i e n t s  w i t h  a d u l t  c o e l i a c  d i s e a s e  a f t e r  one month of  
t r e a t m e n t  w i t h  Vivonex  and  g l u t e n  w i t h d r a w a l .  These  f i n d i n g s  
a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  f o r  a  g l u t e n - f r e e  d i e t  a l o n e  
( R u s s e l l  e t  a l ,  197 2 ) .  The h i s t o l o g i c a l  changes  i n d i c a t e  t h a t  
o n ly  min imal improvement o c c u r r e d ,  no g r e a t e r  t ’ an  would have been  
e x p e c t e d  from a  g l u t e n  f r e e  d i e t  a l o n e  (Y a rd le y  e t  a l ,  1962) .
The d e g r e e  o f  c l i n i c a l  improve len t  t h a t  o c c u r r e d  c a n n o t  be 
a t t r i b u t e d  s o l e l y  t o  t h e  o l e  le'itp.l d i e t  f o r  su c h  an im o r o v e i e n t  
can  bo a c c o u n t e d  f o r  s im p ly  bv g l u t e n  w i t h d r a w a l .
I n  t h e  m a j o r i t y  o f  c a s e s  of  c o e l i a c  d i s e a s e ,  t r e a t m e n t  w i t h  
a g l u t e n  f r e e  d i e t  i n d u c e s  c l i n i c a l  r e m i s s i o n ,  and o v e r  a  l o n g e r  
p e r i o d  of  t im e  h i s t o l c v i c a l  i  rprovement o f  t h e  " r o x i  ia.1 j e  junum 
o c c u r s  ( S t e w a r t ,  197 4 ) .  The f a i l u r e  of Vivonex t o  promote a more 
r a p i d  r e c o v e r y  o f  f u n c t i o n  t h a n  a g l u t e n  f r e e  d i e t  a l o n e  i s  p e rh a o s  
s u r p r i s i n g  i n  view of i t s  e f f e c t s  on normal r a t  j e junum .  -bwever ,  
s i n c e  t h e  l a c k  ' f  r e s i d u e  i n  t h e  e l e m e n t a l  d i e t  i s  merriams i t s  
most  i m n o r t a n t  a r c p e r t y ,  i t  may be tha . t  ' / ivonex  a l o n e  would have 
r e s u l t e d  i n  s. g r e a t e r  improve  l o n t . The u n p a l a t a b l e  n a t u r e  of  
Vivonex  p r e s e n t s  p rob lem s  o f  - a t l e n t  a c c e p t a n c e  w hich  a r e  g r e a t e r  
when t n e  e l e m e n t a l  d i e t  i s  t  ie on ly  n u t r i t i o n  a l lovred ,  and 
s u p p l e s  a n t in g  t h e  e l e m e n t a l  d i e t  w i t h  normal g l u t e n - f r e e  food 
p r o v i d e s  a d d i t i o n a l  n u t r i t i o n a l  s u p p o r t .
FIGURE 1 4 , 1 .  DIAGRAM OF THJ3 TRIPLE LUMEN TUB!
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; J. k.) < ' J  J  _L L H ,
The work r e p o r t e d  i n  t h i s  t h e s i s  examines t h e  e f f e c i  of  
c o m m e r o ia l l y  a v a i l a b l e  ' e l e m e n t a l '  d i e t s  on b i l e  a c i d  m e tabo l i sm  
end e m a i l  bowel s t r u c t u r e  and f u n c t i o n ,  i n  r a t s  and man. Much of 
t h e  work i s  an im a l  s t u d i e s ,  b u t  t h e s e  have been  e x t e n d e d  t o  
human'] and  t h e  r o l e  of  Vivonex i n  t h e  management of  b i l e  a c i d  
in d u c e d  d i a r rh o e a ,  was i n v e s t i g a t e d .  P a n c r e a t i c  s e c r e t i o n  was a l s o  
s t u d i o  I i n  man, and t h e  r e d u c e d  t r y p s i n  s e c r e t i o n  found  w i th  
V ivonex,  compared  w i t h  t h e  Lundh t e s t  mea l ,  i n d i c a t e d  a  r ed u ce d  
c h o l e c y s t o k i n i n - p a n o r e o z y m i n  r e s p o n s e .  Th i s  s u g g e s t s  t h a t  
g a l l b l a d d e r  c o n t r a c t i o n  may a l s o  be d e c r e a s e d  d u r i n g  Vivonex  
i n t a k e .  The ch a n g e s  i n  j e j u n a l  morphology i n d u c e d  by e l e m e n t a l  
d i e t  f e e d i n g  i n  r e t s  l e d  t o  t h e  i n v e s t i g a t i o n  of  t h e  e f f e c t s  of 
Vivonex  i n  p a t i e n t s  w i t h  u n t r e a t e d  a d u l t  c o e l i a c  d i s e a s e .
B i l e  a c i d  m e ta b o l i s m  and s m a l l  i n t e s t i n a l  s truc tv j . re  and 
f u n c t i o n  a r e  i n t i m a t e l y  r e l a t e d :  d e c o n j u g a te d  b i l e  a c i d s  may 
damage t h e  s m a l l  i n t e s t i n e ;  p a n c r e a t i c  and b i l i a r y  s e c r e t i o n s  may 
have an i m p o r t a n t  r o l e  i n  m a i n t a i n i n g  normal s m a l l  bowel s t r u c t u r e  
and  f u n c t i o n ;  a l t e r e d  s a a l l  i n t e s t i n a l  f u n c t i o n  may a f f e c t  b i l e  
s c i  3 abs  02701 i  o n ,
F e e d i n g  d e o x y c h o l i c  a c i d  da nages t h e  s m a l l  i n t e s t i n e  of  
mice ( f n y  and o t a f f e l d t ,  1961) and r a t s  (Grace?/ e t  a l ,  1173) .  
. . u c o s a l  h y p e r t r o p h y  w i th  an  i n c r e a s e d  c r y p t  h e i g h t  t o  v i l l u s  
h e i g h t  r a t i o ,  and a marked i n c r e a s e  i n  t h e  r a t i o  o f  f r e e  t o  
c o n j u ' a t e i  b i l e  a c i d s ,  was d e m o n s t r a te d  i n  s e l f - f i l l i n g  b l i n d  
l o o p s  of  r o t  i n t e s t i n e  (B lo c h  e t  a l ,  1975) and s i m i l a r  mucosal 
i n j u r y  w.^s d e m o n s t r a t e d  by To' :kes and c o - w o r k e r s  u s i n g  t h e  same 
r a t  model (T oskes  e t  o.l, 1 1 7 5 ) .
The i m p o r t a n c e  o f  t h e  sm a l l  amount of  d e c o n j u g e t e d  h i l e  a c i d s  
wnioh may n o r m a l ly  be p r e s e n t  i n  t h e  s m a l l  i n t e s t i n e  i n  r e l a t i o n  
t o ' s t r u c t u r e  end f u n c t i o n  i s  unknown, bu t  t h e  r a t i o  of  f r e e  t o  
c o n j u g a t e d  b i l e  a c i d s  i n  r a t  i n t e s t i n e  was found  t o  be 1 : 11 
( b l o c h  e t  a l ,  1975) end d e c o n j u g a t e d  b i l e  a d d s  have  been  demon­
s t r a t e d  as  a  normal  o c c u r r e n c e  i n  t h e  l o w e r  je junum  i n  man 
( w o r t h f i e l d  and r c l o l l ,  1973)* The t o t a l  amount of  d e c o n j u c a t i o n  
may be g r e a t e r  t h a n  measurements  of  c o n c e n t r a t i o n  s u g g e s t ,  s i n c e  
p a s s i v e  a b s o r p t i o n  of  u n c o n j u g a t e d  b i l e  a c i d s  i n  t h e  u p p e r  s m a l l  
i n t e s t i n e  i s  much g r e a t e r  t h a n  t h a t  o f  t h e  c o n j u g a t e s  ( S c h i f f  e t  a l  
1 3 7 2 ) .
The i n f l u e n c e  of  e l e m e n t a l  d i e t  f e e d i n g  on d ^ c o n j u g a t i o n  of  
b i l e  a c i d s  has n o t  been  i n v e s t i g a t e d  i n  t h i s  s t u d y ,  b u t  i f  t h e  
b a c t e r i a l  f l o r a  i s  a l t e r e d ,  a s  s u g g e s t e d  by t h e  r e d u c e d  dehydroxy-  
d a t i o n  o f  b i l e  a c i d s  i n  t h e  Vivonex f ed  r a t s ,  t h e n  d e c r e a s e d  
d e c o n j u g a t i o n  of  b i l e  s a l t s  may c o n t r i b u t e  t o  t h e  r e d u c e d  11T:V}I 
r a t i o  o b s e r v e d ,  A s i m i l a r  s i t u a t i o n  e x i s t s  i n  t h e  g e r m - f r e e  r a t  
where b i l e  a c i d  dec on j u r a  ci  on ( I ' e l l o g g  e t  a l ,  1970} and t h e  l"7:Vd 
r a t i o  ( O a l j a a r d  e t  a l ,  1972)  a r e  b o t h  r e d u c e d  i n  commarison  w i t h  
c o n v e n t i o n a l  r a t s .
S t u d i e s  i n  r a t s  w i t h  t o t a l  b i l i a r y  d i v e r s i o n  s u ^ - e s t  t h a t  b i l e  
a c i d s  i n h i b i t  c e l l  p r o l i f e r a t i o n  and m i r r a t i o n  i n  t h e  je junum 
( l e i c h t  e t  a l .,.1975) end low c o n c e n t r a t i o n s  o f  d e c o n j u g c t e l  b i l e  
a c i d s  i n h i b i t  t r a n s p o r t  of  s o l u t e s  and t h e  i n t e r m e d i a t e  m e tabo l i sm  
of  t h e  i n t e s t i n a l  mucosa ( D i e t s c h y ,  19 6 7 ) ,  T ro p h ic  e f f e c t s  of  
p a n c r e a t i c  s e c r e t i o n s ,  and t o  some e x t e n t  b i l i a r y  s e c r e t i o n s ,  on 
f - e  i n t e s t i n a l  .mucosa have a l s o  been d e m o n s t r a t e d ,  as  d i s c u s s e d  
i n  I n a p t e r 3 IQ, 11 and 13 ,  a n l  enhanced b i l e  a c i d  a b s o r p t i o n  has
b e e n  s u g g e s t e d  as  t h e  meciiansisiii o f  t h e  r e d u c e d  b i l e  a c i d  t u r n o v e r
o b s e i v e i  i n  p.’e r . i i - f r ee  r a t s  (Kello.%'  and Wostmann, I 9 6 9 ) .  Thus 
b i l e  a.oid a e t a b o l i s n ,  t o ^ e t n e r  \ r i t h  n a i i c r e a t i c  fiinct-: on,  i s  
c l o s e l y  r e l a t e d  t o  s m a l l  i n t e s t i n a l  s t r u c t u r e  and f u n c t i o n ,
The o b s e r v e d  e f f e c t s  o f  e l e m e n t a l  d i e t  feed ing ;  have been  
c o n s i d e r e d  i n  r e l a t i o n  t o  t h e i r  s n e c ia . l  n r o n e r t i e s  and c o m n o s i t i o o  
compared  w i t h  normal s o l i d  d i e t s .  The e l e m e n t a l  d i e t s  c o n t a i n  
no i n d i g e s t i b l e  r e s i d u e  o r  b u l k ;  t h e  c a r b o h y d r a t e  s o u r c e  i s  
s im p le  s u g a r s ,  c o n s i s t i n g  o.  ^ o l i g o s a c c h a r i d e s ,  w i t h  an  a v e r a g e -  
c h a i n  l e n g t h  o f  f i v e  m o n o s a c c h a r id e  u n i t s ,  i n  a d d i t i o n  t o  g l u c o s e  
o r  s u c r o s e ;  n i t r o g e n  i s  s u p p l i e d  a.s s y n t h e t i c  amino a c i d s  i n  
V ivonex ,  and amino a c i d s  p lu s  s m a l l  p e p t i d e s  from h y d r o l y s e d  
c a s e i n  i n  f l e x i c a l ;  / i v o n e x  i s  v i r t u a l l y  f a t - f r e e  b u t  c o n t a i n s  
some p u r i f i e d  S a f f l o w e r  o i l  t o  s u p p ly  e s s e n t i a l  f a t t y  a c i d s  and 
t h e  h i g h e r  f : : t  c o n t e n t  of  f l e : i c a l  i n c l u d e s  medium c h a i n  t r i ­
g l y c e r i d e s  w h ich  a r e  more r e a d i l y  a b s o rb e d  t h a n  t h e  l o n g  c h a i n  
o n e s ,
The r e s u l t s  o b t a i n e d  f o r  t h e  e f f e c t  o f  e l e m e n t a l  d i e t  f e e d i n g  
i n  r a t s  on t o t a l  f a e c a l  b i l e  a c i d  e x c r e t i o n  ( l h a n t e r  6)  s u g g e s t  
t h a t  t ’ce low r e s t  lue  n a t u r e  o f  f i v o n e x  may be i t s  most i m n o r t c n t  
p r o p e r t y  i n  t h i s  r e s p e c t ,  r a t n e r  t h a n  t h e  low f a t  c o n t e n t ,  s i n c e  
a s i m i l a r  r e d u c t i o n  i n  f a e c a l  b i l e  a c i d  e x c r e t i o n  wo.s found w i t h  
f l e x i o a l  w h ich  does c o n t a i n  a s i g n i f i c a n t  amount o f  f a t .
.-/hen t h e  c o m p o s i t i o n  o f  t h e  b i l e  s c i d s  e x c r e t e d  was examined 
( J h a - t e r  7 ) f t h ^  degree  of b a c t e r i a l  d e p r e d a t i o n  was found t o  be 
r e d u c e d  by 71vo n :x  f e e d i n v .  The a b s o l u t e  amounts of  t h e  
s e c o n d a r y  b i l e  a c i d  means , l i t n o c h o l i c  and i e o x y c h o l i c  a c i d ,  were 
s i g n i f i c a n t l y  s ed u ced  and tb.e p r o p o r t i o n  o f  t h e s e  two b i l e  a c i d s ,  
a s  a  p e r c e n t a g e  o f  t h e  t o t a l  e x c r e t e d ,  was a l s o  s i g n i f i c a n t l y  
r e d u c e d .  T .e a b s o l u t e  amosmtof t h e  c h o l i c  a c i d  me ah e x c r e t e  1
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was n o t  s i g r . i f i o a . n t l y  r e  i r e  e l ,  and t h e  r e l a t i v e  n r o r o r t l  on of  
t h i s  ^ eak  d i d  i n  f a c t  i n c r e a s e ,  d u r i n g  Yivonex f e e d i n g ,  Thus no t  
o n ly  t h e  a.mount of  h a c t e r i a . l  d e p r e d a t i o n  p r o d u c t s ,  bu t  a l s o  t h e i r  
r e l a t i v e  p r o p o r t i o n ,  was r e d u c e d  d u r i n g  Yivonex f e e d i n g  and t h i s  
i n d i c a t e s  t h a t  t h e  b a c t e r i a l  p o p u l a t i o n  nay be r e d u c e d  o r  a l t e r e d  
i n  t h e  caecum and. c o l o n .  I n  c o n t r a s t ,  t h e  a b s o l u t e  amount of  
t h e  c h o l i c  a c i d  ueak  e x c r e t e d  was s i g n i f i c a n t l y  r e d u c e d  -^airing 
f l e x i c a l  f e e d i n g  and t ’ne n r o p o r t i o n  was d e c r e a s e d ,  a l t h o u g h  not  
s i g n i f i c a n t l y .  T h i s  s u g g e s t s  t h a t  t h e  low f a t  c o n t e n t  o f  Yivonex 
may be an  i m p o r t a n t  f a c t o r  s i n c e  t h i s  i s  t h e  main d i f f e r e n c e  'cetween 
t h e  two t i e t s .
The measurement o f  c h o l i c  a c i d  h a l f - l i f e  i n  i h a n t e r  3 a l s o  
r e v e a l e d  p o s s i b l e  d i f f e r e n c e s  be tween t h e  two e l e m e n t a l  d i e t s .
The p r o l o n . ed ■ .h a l f - l i i  e i n d u c e d  by Y l e x i c a l  f e e d i n g  i.s com parab le  
t o  t h a t  r e p o r t e  1 p r e v i o u s l y  f o r  se l i - s v n t h e t i c  d i e t  f e e ' - i n r  i n  
n o r c a l  r ' ^ t s .  Yivonex f e e d i n g ,  however,  r e s u l t e d  i n  an even 
l o n g e r  h a l f - l i f e  o f  c h o l i c  a c i d  vfrm’.ch i s  com parab le  t o  t h a t  
r e p o r t e d  f o r  g e r m - f r e e  r a t s  f e d  s e m i - s y n t h e t i c  d i e t s ,  o r  t h a t  of  
nor.m.3,1 r - t s  t r e a t e d  w i t h  a n t i b i o t i c s .  The r e s u l t s  o b t a i n e d  a r e  i n  
ag ree m en t  w i t h  t h e  r e p o r t s  i n  t h e  l i t e r a t u r e  t h a t  l i o u i d ,  s em i­
s y n t h e t i c  d i e t s  r e d u c e  b i l e  a c i d  t u r n o v e r ,  b u t  t h e  b a c t e r i a l  
p o p u la . t i o n  o f  t h e  pu t  may be a l t e r e d  and have an a d d i t i o n a l  
e f f e c t  d u r i n p  "ivonex f e e d i n g .  The r e s u l t s  f o r  b i l e  o d d  
c o m p o s i t i o n  and t u r n o v e r  t h e r e f o r e  s 'uppest  t h a t  Yivonex  has  a 
p r e a t e r  e f f e c t  t ' v n  f l e x i c a l , ' - ; '  i c h  may be m e d ia te d  by a l t e r a t i o n  
o f  t i e  b a c t e r i a l  p o p u l a t i o n  o:'' t h e  "ut j and r e s u l t  from t h e  
d i f f e r e n c e  i n  fmt conte.- . t  of  th e  two d i e t s ,
J h o l o s t e r o l  a c c u m u l a t i o n  i n  t h e  l i v e r  was .also g r e a t e r  
d u r i n g  / i v o n e x  f e e d i n g  tman f l e x i c a l  f e e d i n g  and t h i s  p r o b a b ly
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r e f l e c t s  the  l i f f e r e  .ce i n  c h o l i c  a c i i  h a l f - l i f e .  A g r o a t e r  
r e d u c t i o n  i n  h i l e  a c i d  tu rn o v er  means th a t  l e s s  c h o l e s t e r o l  i s  
b e in g  e x c r e t e d  as b i l e  a c i d s  and more may accumulate i n  th e  live% 
u n l e s s  a compensat ion occurs  i n  the  r a te  o f  s y n t h e s i s .
Trie im p o r t a n c e  o f  b s c t e r i a l  changes  i n  t h e  o b s e rv e d  a l t  e ra  ti?n.<r 
o f  b i l e  a c i d  l e t a b o l i s m  d u r i n g  e l e m e n t a l  d i e t  f e e l i n g  c o u l d  b e s t  
be a s s e s s e d  by r e p e a t i n g  t h e  e x p e r i m e n t s  i n  g e r m - f r e e  a n i m a l s ,
A la s ,  no a c c e s s  t o  b. g erm -fre e  ra t  co lony  was a v a i l a b l e .  The use  
of  a n t i b i o t i c s  would p rov id e  an a l t e r n a t i v e ,  however,  and th e  r o l e  
o f  f i b r e  i n  the  d i e t  c o u ld  be e l u c i d a t e d  by f e e d i n g  the  e l em enta l  
d i e t s  w i th  added c e l l u l o s e ,  p e c t i n  or o ther  s u i t a b l e  n o n - d i g e s t i b l e  
r e s i d u e .
The r e d u c t io n  i n  f a e c a l  b i l e  a c id  e x c r e t i o n  i n  r a t s  induced
by Yivonex f e e d i n g  promoted the  i n v e s t i g a t i o n  o f  th e  use o f  the  d ie t
i n  th e  management o f  p a t i e n t s  w i th  c h o le r h e ic  d iarrhoea  ( i h a p t e r  l ) .
In t h e s e  p a t i e n t s  m alab sorpt ion  o f  b i l e  a c i d s , as a r e s u l t  of
r e s e c t i o n  o.f tne  t erm in a l  i l eum le a d s  t o  an e x c e s s i v e  load of
b i l e  a c i d s  e n t e r i n g  t  'C co lon ,W 'ere  they  cause s e c r e t i o n  of  water
and e l e c t r o l y t e s .  Yivonex therapy reduced th e  b i l e  a o i ■ e x c r e t i o n
i n  th e  p a t i e n t s  s t u d i e d  w i th  a. co-'c omit tan t  improvement i n  t h e i r
n a t u r e
d ia rr h o e a .  T '.e low r e s i d u e / o f  the d i e t  nay  be p a r t l y  r e s p o n s i b l e  
f o r  t h i s  e f f e c t .  L-ch o f  r e s id u e  w i l l  reduce b i l e  a c id  a b s - m t i o n  
in  tice s wall bow-1 aid p ro lon g  t r e n c i t  t ime,  thus en’ca.ricing' b i l e  
a c i d  absorp c ion .  The low f a t  co n ten t  o f  Yivonex mi --ht a l s o  
c o n t r i b u t e ,  i n  man, by r e d u c i n p ' a l l b l a d i e r  s t i m u l a t i o n  and hence 
th e  en try  o f  b i l e  a c i d s  i n t o  the  duodenum.
Tryps in  s e c r e t i o n  i n  rosoonse  t o  Yivonex i n g e s t i o n  w^ ac l e s s  
than wit;', t . ie Lundh t e s t  meal s t i . i u l u s  (dhaptor l O ) , i n d i c a t i n g  a 
reduced i o le cy  : t  o h in in -  oancreo: y l i n  rançonne c o n r - ' t ib le  w ith  "e-hwol
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. a l l b l a d i e r  s t i m u l a t i o n .  T h i s  r e s p o n s e  may be m e d ia te d  by t h e  low 
n i t r o - e n  and h i  :h g lu c o s e  c o n t e n t  of  Yivonex  i n  a d d i t i o n  t o  i t s  
low f a t  c o n t e n t ,  however.  b i l e  a c i d s  and t r y n s i n  were  s^^own t o  be 
d e c r e a s e d  i n  i l e a l  f i s t u l a ,  d r a i n a g e  d u r i n g  a d m i n i s t r a t i o n  of  
Yivonex  ( H i l l  c t  a l ,  19 ? 6 ) ,  whdch a l so  s u g g e s t s  t h a t  b i l e  a c i d  
s e c r e t i o n  i n t o  t h e  duodenum i s  r e d u c e d .  A c o n t r o l l e d  com par i son  
w i t h  Y ' l e x i c r l  v;ould e l u c i d a t e  t h e  im p o r ta n c e  o.f t h e  low f a t  
c o n t e n t b u t  t h i s  has n o t  been  done s i n c e  t h e  i inpa. lata.ble na-ture 
o f  t h e  d i e t s  makes i t  d i f f i c u l t  t o  p e r s u a d e  p a t i e n t s  t o  consume 
th em .
-'O i n d i c a t i o n  o f  v.-hether b a c t e r i a l  a . l t e r a . t i o n s  a r e  i n v o l v e d  
i n  t h e  ' r e d u c t i o n  of  f a e c a l  b i l e  a c i d s  i n  .man was o b t a i n e d .  I t  
i s  m a in ly  p r i m a r y  b i l e  a c i d s  t h a t  a r e  e x c r e t e d  by n a t i e n t s  w i t h  
i l e a l  r e s e c t i o n  anywa.y, and t h u s  r e d u c e d  b a c t e r i n l  d e g r a d a t i o n  
c a n n o t  be d e t e c t e d  from an a l t e r e d  f a e c a l  b i l e  a c i d  c o m p o s i t i o n .
The m o r p h o l o g i c a l  changes  i n  t' -^s s m a l l  i n t e s t i n e  of  r a t s  
in d u c e d  by e l e c e n t a l  d i e t  f e e d i n g  ( l h a  t e r  l l )  a l s o  re s e m b le  t h o s e  
o f  g e r m - f r e e  r a t s  and so  once amain a l t e r a t i o n  of  t h e  b a c t e r i a l  
p o p u l a i i o n  of  t h e  s m a l l  bowel may be i m p l i c a t e d .  The c'-pr.pes 
ob.served i n d i c a t e  an im proved  s u r v i v a l  o f  t h e  m a tu re  e n t e r o c y t e  
p o p u l a t i o n  and t h e  low r e s i d u e  n a t u r e  of  t h e  e l e m e n t a l  d i e t s  woul-  
c o n t r i b u t e  t o  t h i s  by r e d u c i n g  t h e  p - v s i c a l  s t r e s s  on t ' l e  v i l l u s  
c e l l s .  The f s c t  t h a t  p r e l i c t i o n  of  t h e  31 t o  Y '  r a t i o  a l s o  
o c c u r r e d  i n  t h e  i l e u m  of  t - e  r a t s  f e d  t h e  e l e i o n t a l  d i e t s  s u g g e s t s  
a rem ote  hor.  iono.l o r  n e u rc - ' a . s c u le r  .cedia l i o n .  The r a p i d l y  
a b s o r b o b l e  n a t u r e  o f  t h e  d i e t s  .lay e f f e c t  t ' l e  s t . a tu s  of t " i s  
p o s t u l c t e i  r e v e l a t o r y  mechanism. The e v id e n c e  f o r  t h e  e x i s t e n c e  
o f  such  a mec nanism i n  t  le c o n t r o l  o f  .rut s t r u c t u r e  a n t  f u n c t i o n  
has been  d i s c u s s e d  i n  T h a n t e r s  11 and 19 ,  I t  has  a l s o  been
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d e m o n s t r a t e d  t h a t  o r o x im a l  o n t e rec tomy r e s u l t s  i n  a g r e a t e r  
n y p e r p l a s t i o  r e s p o n s e  i n  t o e  i l e u m  th a n  j e j u n a l  byuass  of  
p a n c r e a t i o o h i l i a r y  d i v e r s i o n ,  and s u g g e s t s  t h a t  f a c t o r s  o t h e r  
t n a n  i n c r e a s e d  l u m i n a l  n u t r i t i o n  a r e  i n v o l v e d  i n  t h e  a d a p t i v e  
r e s p o n s e  o f  t h e  i l e u m  ( i l  l i o n s  on e t  a..l, 1973 ) .
'The r e d a c t i o n  i n  3H t o  YH r a t i o  o b s e rv e d  i n  r a t s  l e d  t o  t h e  
s t u d y  o f  t h e  u se  of  Yivonex  i n  u n t r e a t e d  a d u l t  c o e l i a c  d i s e a s e ,  
r e p o r t e d  i n  O n a p t e r  I 4 . T h i s  s tu d y  can  be c r i t i c i s e d  i n  t h a t  a. 
g l u t e n - f r e e  d i e t ,  i n  a d d i t i o n  t o  Yivonex,  was u s e d  and no t  t h e  
e l e m e n t a l  d i e t  a l o n e .  I f  t h e  low r e s i d u e  n a t u r e  o f  t l ie  d i e t  i s  
an i m p o r t a n t  p r o p e r t y  t h e n  a d m i n i s t r a t i o n  of  Yivonex a l o n e  migh t  
r e s u l t  i n  a  more marked improve  ,ent  i n  t h e  s t r u c t u r e  and f u n c t i o n  
o f  t h e  je junum .  . Also  t h e  p r o x im a l  je junum,  which  was t h e  s e g o e t  
p e r f u s e d  i n  t h i s  s t u d y ,  i s  t h e  most b a d l y  damaged p a r t  o f  t h e  
s m a l l  i n t e s t i n e  i n  c o e l i a c  d i s e a s e  and i t  i s  n o s s i b l e  t h a t  t h e r e  
was a g r e a t e r  i; :rprovement i n  f u n c t i o n  i n  t h e  d i s t a l  je junum th e n  
would have been  p ro d u c e d  by a g l u t e n  f r e e  d i e t  a l o n e .
T h e re  a r e  p rob lem s  w i t h  p a t i e n t  a c c e p t a n c e  of  t ^ e  
u n p a l a t a b l e  e l e  l e n t o l  d i e t s ,  and s i n c e  c l i n i c a l  r e m i s s i o n  occu rs  
r a p i d l y  f o l l o w i n g  t h e  i n t r o d u c t i o n  o f  a  g l u t e n  f r e e  d i e t  i n  
c o e l i a c  d i s e a s e ,  i t  was n o t  f e l t  t h a t  t r e a t m e n t  w i t h  Yivonex 
a l o n e  c o u l d  be j u s t i f i e d .  I n  c h o l e r h e i c  d i a r r h o e a  no r r o v e n  
d i e t a r y  t r e a t m e n t  i s  a v a i l a b l e  and so Yivonex a l o n e  was used  i n  
t  ' .ese p a t i e n t s .  A r a t  model f o r  c o e l i a c  d i s e a s e  u s i n g  T r i -na rano l  
ad::ii l i s t  r a t  i o n  has been  ^ ro n o s e d  (d o b in s o n ,  1172) . I t  i s  no t  an 
e n t i r e l y  s a t i s f a c t o r y  codel  b u t  i t  would be i n t e r e s t i n g  t o  u-^e 
i t  t o  i n v e s t i g a t e  t h e  e f f e c t  of  Yivonex on t h e  r e c o v e r y  o f  t h e  
s m a l l  i n t e s t i n a l  mucosa by s t u d y i n g  b o th  i t s  m o r p h o lo g ic a l  
a s p e c t s  and a l s o  t h e  w a t e r  and g l u c o s e  a b s o r p t i o n  i n  v i v o .
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Woter a n i  g lu c o s e  a b s o r p t i o n  were no t  enhanced  i n  t h e  
je junum  of  t h e  normal  r a t s  f e d  Vivonex when measured  by u e r f u s i o n  
I n  v i v o ,  and were  i n  f a c t  r e d u c e d  i n  t h e  r a t s  f e d  d l o x i c a l  
compare  1 w i t h  t h e  c o n t r o l s  ( l h a p t e r  1 3 ) .  T h i s  d i f f e r e n c e  be tween 
t h e  two e l e m e n t a l  d i e t s  nay r e s u l t  from d i f f e r e n c e s  i n  t h e  
n a t u r e  o f  t h e  c a r b o h y d r a t e  and n i t r o g e n  s o u r c e s  i n  t h e  d i e t  
a l t e r - a t i n g  t h e  hormonal  o r  n e u r o v a s c u l a r  r e g u l a t i o n  o f  g u t  
f u n c t i o n  i n  d i f f e r e n t  w a y s . As d i s c u s s e d  i n  C h a n t e r  13, t h e  
n u t r i t i o n a l  r e q u i r e m e n t s  o f  t h e  an im a l  may a l s o  r e g u l a t e  
a b s o r p t i o n  i n  v i v o .
S i n c e  t h i s  work was c o m p le te d ,  G a rd n e r  and Heading have  
p u b l i s h e d  e v i d e n c e  t h a t  Yivonex enhances  w e t e r  and g l u c o s e  
a b s o r p t i o n  by t h e  e n t i r e  s m a l l  i n t e s t i n e  i n  v i t r o  (G a rd n e r  and 
h e a d in g ,  1 1 7 9 ) .  T h e i r  s t u d y  i s  no t  s t r i c t l y  com parab le  ?s an 
i n  v i t r o  p e r f u s i o n  t e c h n i q u e  was u sed ,  wiaich e l i m i m  t e s  any 
e f f e c t s  o f  v a s c u l a r  r e g u l a t i o n s  o f  a b s o r p t i o n ,  and a l s o  t h e  
e n t i r e  je junum  p l u s  i l e u m  was p e r f u s e d .  As s u g g e s t e d  p r e v i o u s l y  
(C hec ' t e r  1 3 ) j t - e  i l e u m  may be more s u s c e p t i b l e  to c.n i n c r e a s e  
i n  a b s o r p t i v e  c a r a c i t y  t l a n  t h e  je junum and t h i s  w i l l  be 
i n v e s t i g a t e d  by r e p e a t i n g  t h e  e x p e r i m e n t ,  and p e r f u s i n g  t h e  
i l eum  i n  v iv o .
JC. ILül ïC'  3
I t  1ms been  d e m o n s t r a t e d  t h a t  e l e m e n t a l  d i e t s  c a u s e  a 
p ro f o u n d  a l t e r a t i o n  o f  b i l e  a c i d  mctaboli s :n  i n  r a t s ,  w i t h  a. 
r e d u c t i o n  o f  f a e c a l  b i l e  a c i d  e x c r e t i o n ,  and t h i s  has  been  
s u c c e s s f u l l y  a p p l i e d  i n  t h e  management of  p a t i e n t s  w i th  
c h o l e r h e i c  d i a r r h o e a .  P a n c r e a t i c  stimulr-i t i o n  i s  a l s o  r educe d  
t o  some e x t e n t  by Yivonex,  and t h e  d i e t  may be a  u s e f u l  
a l t e r n a t i v e  t d normal o r a l  f e e d i n g  i n  p a t i e n t s  w i t h  p a n c r e a t i c  
i n s u f f i c i e n c y  u n s u i t a b l e  f o r  i n t r a v e n o u s  f e e d i n g .
S m al l  bowel s t r u c t u r e  a f t e r  e l e m e n t a l  d i e t  f e e d i n g  i n  r a t s  
showed m o r p h o l o g i c a l  change s  i n d i c a t i v e  o f  imnroved e n t e r o c y t e  
s u r v i v a l ,  b o t h  i n  t h e  i l eum  and je junum,  b u t  t h e s e  changes  were 
n o t  accom pan ied  by a d e m o n s t r a b l e  improvement i n  j e j u n a l  
f u n c t i o n .  ho o b v ious  b e n e f i t  was found i n  p a t i e n t s  w i t h  a d u l t  
c o e l i a c  d i s e a s e  t r e a t e d  w i t h  a. g l u t e n - f r e e  d i e t  u l u s  Yivonex ,  
b u t  Y ivonex  a l o n e  migh t  p e r h a p s  have c o n f e r r e d  an a i v a n t a g e  
o v e r  a  g l u t e n - f r e e  d i e t .  The r e c o v e r y  of  T r i n a r a n o l  d e l a y e d  
r a t  i n t e s t i n a l  mucosa d u r in g  e l e . i e n t a l  d i e t  f e e d i n :  s h o u ld  be 
i n v e s t i g a t e d ,  a n i  t - i en i f  t h e  an im al  s t u d i e s  a r e  enc ours v in e  t h e  
s t u d y  i n  c o e l i a c  d i s e a s e  c o u l d  be r e p e a t e d  u s i n g  Yivonex t  e r a p y  
a l o n e .
The lev/ r e s i d u e  n a t u r e  o f  Yivonex and Y l e x i c e l ,  t o g e t h e r  
w i t h  t h e  r a g i d l y  a b s o r b s !  n a t u r e  of  t h e  n u t r i t i o n a l  s o u r c e ,  may 
be t h e i r  i m - o r t a n t  - r o ' - ' e r t i e s . The im cor ta r .ce  of  t ^ e  l o w - f a t  
n - t u r e  o f  Yivonex n x e i s  f u r t h e r  e l u c i h a t i o n  by d i r e c t  c o o u a r i s o n  
w i t h  f l e x i c a l  i n  h u ia n  s t u d i e s ,  f o r  example o f  t h e  t r y p s i n  
r e s p o n s e ,  b u t  i t  docs  n o t  ance.ar  t o  be t h e  most  i m o o r t a n t  n r o ^ e r l y  
_'hny o f  t h e  e f f e c t s  o f  t h e  d i e t s  i n  t h e  Icn-'-es’ t e rm  - r i m e l  
s t u d i e s  r e p r o d u c e  t e e  s i t u a t i o n  i n  g e r m - f r e e  a c i m a l s ,  and so i t  
i s  p o s s i b l e  t h a t  t h e  e f f e c t s  a r e  a.t l e a s t  p a r t l y  m e d ia te d  by 
m o d i f i c a t i o n  o f  b a c t e r i a l  f l o r a .
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i . a l i n ,  j . j . , J a s h ,  -c.il,, Rahman, M. and Yunus,  ! . D .  ( 1979)
z,fI e c t s  o f  g l y c i n e  g l u c o s e  on sodium and w a t e r  abso r -n t ion
i n  c n t i e . i t s  w i t  : c h o l e r a .
G H ,  11,  76 3-772
i.'ev/ey, T. and  J iay th ,  T. n. ( l 7 6 2 j
J e l i u l / r  l e c s n n i s m  i n  i n t e s t i n a l  t r a n s f e r  o f  cmino a c i d s .  
J o u r n ? !  o f  . h v s i o l o * ' " ,  I 6 4 , 527-551
ti
Kor.nnn, A. and  o 30v a i l ,  J ,  ( l 9 5 3 )
Cn t h e  t r a n s f o r m - t i  on end e ' - i t e ronep -a t ic  c i r c m i c t i o n  o f  c ' o l i c  
a c i d  i n  t h e  r a t .
J o u r n a l  o f  n i o l o - i c e l  J h e . i i s tr^^, 235, 372-3 35 
i . o r t  f i e l d ,  T . J .  and R c J o l l ,  I .  (1775;
P o s t  nr.; n i i a l  c o n c e n t r â t  : ons  o f  f r e e  a.nd c o n j u ' ^ n t e d  b i l e  a c i d s
down t  e l e n g t h  o f  t  ' e  n o : ' mal hum.an i n t e s t i n e .
9 - it , 1.1, ^ 1 5 - 5 1 3
14 3
Ccknsr ,  R. jC., R u u h e s , ?  .;3. and I s s o l b a c h e r ,  K . J ,  ( i j G l )
Ye TV low d e n s i t y  l i - g o v r o t e i n s  i n  i n t e s t i n a l  lyminh.
J o u r n a l  o f  l l i n i o a l  I n v c o t i y t i o n ,  43,  2 )67-2575
Ola ; ly ?.nd o e k i , 3. ( l ? 6 5 ;
M o l e c u l a r  s t r u c t  a re  and b ioche : : i ica l  f u n c t i o n  o f  t h e  m i c r o v i l l i  
membrane o f  i n t e s t i n a l  e p i t h e l i o . l  c e l l o ,  w i t h  s p e c i a l  en-phasis
0 n t  he e l e  n e n t  a ry  n a r t  i d e s ,
J o a r n d  o f  d e o t r o n  . l ie  roe  c o n y , I 4 , 210-217
O lsen ,  and I n y e l f  i n y e r ,  I h J .  ( l  763)
The r o l e  of  s o H u m  i n  i n t e s t i n a l  g lu c o s e  a b s o r n t i o n  i n  man. 
j o u r n a l  of  J l i n i c a l  I n v e s t i r : a t i o n ,  47$ 11 5 5 -1 1 4 2
O 'M a i l l e ,  5 R i c h a r d s ,  T.G, and S h o r t ,  AMI. ( I 9 6 7 )
The i n f l u e n c e  o f  c c n j u r a t i o n  of  c h o l i c  a c i d  on i t s  u r t a k e  and 
s e c r e t i o n ;  h e p a t i c  e x t r a c t i o n  o f  t a u r o c h o l a t e  and c h o l a t e  i n  
t h e  dog.
o l  P l r / s i q l o y y  $ 139 $ 557-550 
P e y e a u ,  P. (1775 )
E f f e c t s  o f  f e e d i n g  and e l e m e n t a l  d i e t  d ' l r i n g  ab-’ omina! i r r a d i a t i o n
0 1 r  a ; !  e nt  d r / - i  e , 14 9 ? 513 -  5 2 5
P a y l e r ,  j . M , , Pomare,  M. W. ,  h e a t o n ,  K.W, and Harvey ,  P .P .  ( l 9 7 5 ) 
The e f f e c t  of  w'-ieat b r a n  on i n t e s t i n a l  t r a n s i t .
16,  239-215
P e r r a u l t ,  J , ,  J e v r o e d e ,  G. and Bonnous,  G. (19 75)
M f i e c t s  o f  an d e m e n t s !  d i e t  i n  he a !  t h y  v o l u n t e e r s .  
G a s t r o e n t e r o l o g y ,  6 4 , 569-576
P h i l l i p s ,  J , f .  a n i  Jui imersMril l , W. 'UJ .  (1966)
O c c l u s i o n  o f  t h e  . j e iunuc  f o r  i n t e s t i n a l  p e r f u s i o n  i n  nan.
Mayo J l i n i c  r o c e e d i n . ^ ,  41? 224-251
P Ia y o u s  t , M, d , , Lack,  L, and k e i n e r ,  I .M. ( l 9 6 5 )
E f f e c t  o f  i n t e s t i n a l  r e s e c t i o n  on b i l e  s a l t  a b s o r n t i o n  i n  dope» 
American  J  o u r n a l  of  Piv’- s i o l o  mw 233, ;65-569
Pom.are, T .T .  a n i  Heaton,  K . f .  (1975)
Oiffect  o f  c h o l e c v s c e c t o m y  on b i l e  s a l t  m e tabo l i sm .
Gut,  I f ,  755 -762
P o r t  la .n, 0 . ^ .  ( 1 i o 0)
H u t r i c i o n a l  i n f l u e n c e s  on t 'ae met a'" o l  ism o f  b i l e  a c i i s ,
A yy  pi com J o u r n a l  of  J l i n i c a l  Hutr i t i o n , 3, 162-170
P o r t  man, , .  . . , . h n n ,  3.7^ ami Mysocki ,  A.?.  (1955 )
P i l e  a c i d  e ( o r a t i o n  bv-'' r a t  : n u t r i t i o n a l  e f f e c t s .
A r c  ■ i  ve s of  : i  oc - o : i  s t  r; • -? : d [. i  oa s l e s , 59? 221-252
P o r t  man, 0. J . r ■ nd ,Iurn n y , ? , (195 3)
m x c r e t i o n  o f  b i l e  a c i l s  and B - ' y ’r o x y s t o r o l s  by r a t s .  
zMr: ! v e s  of  r  i  omnc m ic t ry  and Ti ou y s i c s ,  7 6 , 567-376
149
Rpqgins, , le /ger ison ,  J , R. , S i g n e r ,  R , , S t a m f o r d ,  W. a n i  
S e l l  t o r ,  R. ( 1773 ;
I n t r e . i e . i u n a l  a d m i n i s t r a t i o n  o f  an  e l e m e n t a l  d i e t  a t  n e u t r a l  
pR a v o i d s  p a n c r e a t i c  s t i . r e l a t i o n :  s t u d i e s  i n  dog a n !  man*
A m e r i c a n  J o nxnia! o f  S u r p e r v ,  126 ,  606-614
R a i e n t ,  R.R .  , Deso 'nne r ,  R. a n d  Sa . l en ,  G. ( 1 9 7 5 )
B i l e  a c i d s  r e g u l a t e  i n t e s t i n a . l  c e l l  t u r n o v e r .
G p. s t r e e  n t  e rxsl o y* . 6 3 .  979 ( Ab s t  r a o  t  )
Rc.s n a r a ,  G . B . , R e n R e r c o n ,  L.  I. and  E l v e h je m ,  J.A* ( l 9 . i 9 )
P u r i f i e d  amino  p o i d s  ps  3 s o u r c e  o f  n i t r o g e n  f o r  t h e  g r o w i n g  r a t .
J o u r n . ? !  o f  R u t r i t i o n ,  33,  17 7 -1 9 4
Re i d y , a . S . ,  P ie   ^s a n t o ,  J . .1. an d MV o s t u p u n ,  E . 3 .  ( 1 9 6 3 )
R f i e c t  o f  d iet r . r ; ' -  c a r b o h y  dra. te on i n t e s t i n a l  d i s a c c h a r i  l a s e s  
i n  g e r m - f r e e  and  c o n v e n t i o n a l  r a t s .
J o u r n a l  o f  R u t r i t i o n , 9 5 ,  415—119
Ri j k e  , R . P . J . ,  . a n c o n ,  . . . R . ,  P i e  i s  o r ,  R . R . ,  o n i  O s b o r n e , J.M7. (1976'  
2.02 e f f e c t  o f  i s c h e m i c  v i l l u s  c e l l  dc.mcge on cr;.’"ot c e l l  
p r o l i f e r a t i o n  i n  t h e  s m a l l  i n t e s t i n e ,  E v id e n ce  f o r  a  f e e d - b a c k  
c o n t  r o l  i:.ec ha n i  s a .
G 0, c t  r  o e n t  e r o l o  r y , 71 ,  7 36-792
R o b e r t s ,  P . J . P .  and  'Yhe lan ,  J . J ,  ( l 9 6 o )
The m e c ha n ism  o f  c-arbohy l r ? / ' s  a c t i o n .  5* A c t i o n  o f  h u n a n  splivarv 
: r ! a s e  on a m y l o u s c t i n  and g l y c o g e n ,  
mi oc ce 'J.c a l  J  o u r n a l , 76 , 2-16-235
R o b i n s o n ,  J .W .L .  (1 9 7 2 )
I n t e s t i n a l  m a l a b s o r c t i o n  i n  t h e  e w e r i m e n t o l  a n i m a l .
G u t ,  1 5 ,  3 5 3 - 9 4 5
R o s e ,  . 9. ( 1 749)
Amino a c i d  r e c u i r e  ren t  o f  man.
Be me r a t  i  on ? r  oc ee d i "  ~ s , 3 , 5 4 6 -- / / 2
R o s e ,  .^ .3 .  ( 1957 )
The a c i n o  a c i i  r e c u i r e  c e n t s  o f  a d u l t  can.  
k u t r i t i o n a l  A b s t r a c t  R e v i e w s , 27,  6 5 1 - 6 4 ?
OTcerv.acions uaon  t ' / e  r o l e  o f  r l u t a m i ;
Gest'
do rperat ive grow
f' 1 1 a
an  d as p a r t i c c c i
Journal - f “i o l o
Acs 9 , . d c .d . !:
Amino ac id r s c u i
Journal o" mi ol-c
Rose,  t’t . j . j wixo
A.-idno a c i d re oui
^ L.4. *..*1 c*_ y . -  -  -J
f i o l o
incm ,  k .L .  (1 7 5 5 )
l e n t s  o f  mpn. 171 The r o l e  oJ 
: a l  J k e l i s t r v ,  217,  997 -1004
Mr t  5 R. and Lambert, R. B. ( 19 5b)
o : C O r v a t r o n c .
c !  0 ! - t r  217 , c 3 7 - ' ' b 3
i ^ v ;
.vU'10 , j ,, a nd  d o s e n b 3r a , I , : d ( 1 ^7 3 )
d h r D n i c  Tlnor' a on p d.T.ini-Ttr^t.l on e n h a n c e s  i n t e s t i n a l  t renn^^o?’!  
i n  t e e  r a t .
Prooee-^i: ' .  ss o f  t  ' e  S o o i e t ^  f o r  ixnorinio^i t o l  B i o l o - v  ond d e d i o i n e ,
142y "521-525 "    ' ~
R u s s e l l ,  d . I ,  ( 1 9 7 3 )
- l e s r n t a l  d i e t s  
G u t , l 6 ,  5 3 - 7 9
R u s s e l l ,  -I. I . ,  A l l a n ,  J . G . ,  G e r s k o ’s i t c h ,  7 ,P»  and R o b e r t s o n ,  J . d d f  
( 1 9 7 2 ;  s t u d y  by a e r f u n i o n  t e c h n i o u e s  o f  t h e  a b s o r p t i o n  
a b n o r a n l i t i e s  i n  t n e  jo, junu;a i n  a d u l t  c o e l i a c  d i s e a s e ,
J l i n i o e l  l o i  e a s e , 72 , 7 3 5 -741
J a r  l a ,  L,  and  J e s n u e l l e ,  Id  ( 1 9 5 3 ;
A c t i o n  de l a  l i p a s e  p a n c r é a t i q u e  J b l ,  l e s  e s t e r s  en  e m u l s i o n .  
B i o c h i m i e  a. e t  n i o n b y s i c a  A c t a , 50,  515-521
S c h e l l ,  i d P .  ( l 9 6 5 ;
use  o f  f - G  a nd  p h e n o l  r e d  a s  u n a b s o r b e ^  i n d i c a t o r s  f o r  i n t e s t i n a l  
a b s o r p t i o n  s t u t i e s  i n  man,
^ r t ,  7 ,  1 5 9 - 1 5 5
S c h o d l ,  i i . i .  a nd  l l i f t o n ,  JdA.  ( I I 6 5 )
S o l u t e  and  w a t e r  a b s o r p t i o n  by  t ^ e  human s m a l l  i n t e s t i n e ,
199,  1264- 1267*
3c h e r s  t e r ' ,  f . ( 1967 )
ï n o  s y n t  l e s i s  o f  c h o l i c  a c i d  o o n i u g r t e s  i n  human l i v e r ,
Ac t a , d h i r u ^ d i c a o c a n d i n q v i o a , 575 ,  1 - 3 0
o c h i f f ,  B . f d ,  S m a l l ,  d . S ,  and  D i e t s c h y ,  J .  d  (1 9 7 2 )  
S n a r ^ c t e r i c a t i o n  o f  k i n e t i c s  o f  “ a s s i v e  and. a c t i v e  t r a a ^ s n o r t  
. u e c h a n i s e s  f o r  b i l e  a c i d  a b s o r p t i o n  i n  t h e  s m a l l  i n t e s t i n e  and 
c o l o n  o f  t - e  r a t .
J ouz-n?l  o f  S l i n i c a l  I n v e s t i  .^-"-ti o n , 51,  1551 -1562
Scnm id ,  w . S . ,  P h i l l i e s ,  and  S u m m o r s k i l l , d . H . J .  ( 1 9 6 ^ )
J e j u n a l  s e c r e t i o n  o f  e l e c t r o l y t e s  .and w a t e r  i n  n o n - t r o n i c a l  s o m e .  
J o u r n a l  of  - s b o m t o r v  arid l l i n i c a l  . l e l i c i n e ,  75» 772-735
3c h u i t  s e ,  . O. ( 1956}
R e p r o d u c t i o n  o f  r a t s  f e d  p r o t e i n - f r e e  r a t i o n s .
■vO.;rnel  of  . .u c r i t i a n ,  69 ,  35-3 5
S e n i o r ,  J . . i .  and i s s o l b " c n e r ,  X . J .  ( 1 9 6 5 )
d e m o n s t r a t i o n  o f  an i n t e s t . n a l  m o n o - y l y c e r i  l e  l i n . a s e :  a n  encvme 
w i t h  a " o s s i b l e  r o l e  i n  t'-’e i n t r a c e l l u l a r  son- l o t i o n  o f  fa.t 
11 t e s t  i o n ,.
J o u r n a l  oT Gdi n i  c a l  I  n v e s t  i y a ti.  o n , .7 2,  117-195
S h a f e r ,  S . ,  da . ' 'Ser ,  S . ,  B e k i r h a k y ,  I ,  and Mosbach ,  d d  h.  ( l i b ? )  
f e e d b a c k  r e p u t a t i o n  o f  b i l e  a c i d  b i o s y n t h e s i s  i n  t ^ e  r a t .
J o u r n a l  o f  1 i i R e s e a r c h ,  10 ,  6ù6-b55
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o n e i f ,  M.R. and Smyth, J .H .  (19 55)
An a y n a r a t i i s  f o r  t n e  s tu d y  o f  i n  v ivo  i n t e s t i n a l  a h s o r n t i o n  
i n  t h e  r a t .
J o u r n 3-1 of ? h y s i o l o y \ : , 123,  67 o ( A b s t r a c t )
S i e y s l ,  J .  (1956 )
h o n - n a r z l e t r i c  s t a t i s t i c s ,  n r  116-126.  Kohakusha:McGraw-Hil l
S i l k ,  J . f . A ,  M a r r s ,  2 . 0 .  , A di son ,  J  y i . , B u rs t  on, D. , C l a r k ,  11,1 
and  . h  11 .lews , j ,  .1, ( 1175)
Absori i tl -on o f  amino a c i d s  from an amino a c i d  m i x tu r e  s i m u l a t i n g  
c a s e i n  'a'  t r y n t i c  hy i r o l y  sa. t e  o f  c a s e i n  i n  man.
C l i n i c  ml S c i ence  and Mol e c u l a r  Med ' c i n e , 45» 715-719
3i.mko5 7 ,  and L i n s h e e r , 17. C, (1976)
A b s o r p t i o n  o f  d i f f e r e n t  e l e n e n t a l  d i e t s  i n  a - h o r t  bovrel 
syndrome l a s t i n g  15 y e a r s ,
Amer ican  J o u r n a l  o f  d i g e s t i v e  D i s e a s e s ,  21,  419-425
oi.mmonis , ... J .  , . iofmann, A .? ,  and f  heo "^or, M. ( 1967)
A b s o r p t i o n  o f  c n o l e s t e r o l  frozi a  mi c e l l a r  s o l u t i o n :  i n t e s t i n . a l  
p e r f u s i o n  s t u d i e s  i n  man.
J o u r n a l  o f  l l i n i c a l  I nv e s t i  c a t i on, 4 6 , 874-310
S | p e r s t e i n ,  H .D . ,  l h a i k o f f ,  I . L ,  and R e i n h a r d t , h .O .  (1952)
C c h o l e s t e  col : O b l i g a t o r y  f u n c t i o n  o f  b i l e  i n  i n t e s t  i n a l  
a b s o r p t i o n  o f  c ' ^ o l c s t e r o l .
Jo'dllld'l,. 01 f i o l o c ico. l  il^mist_ry, 19 3, 111 - 1 1 4 
S j o v a l l ,  J .  ( i 9 6 0 )
B i l e  a c i d s  i n  man u n d e r  normal and m a t h o l e v i e a l  c o n d i t i o n s ,  
l l i n i c a  3 .mi mica Acta , 5 , 55-41
D i C O U ,  V . V .  ^ H o p  )
B n s y n a t i c  b a s i s  f o r  a c t i v e  t r a n s r o r t  o f  s o l i u m  and r o t a s - i u m  
a c r . c s o c e l l  me fera:  e s .
?  l y s  l o i  Q d e a l  -.evi e ' s , -Os 596-617 
S l a d e n ,  d.M. and Dawson, A.M. (196 3)
An é v a l u e r :  on o f  - e r f u s  ion  t e c -•'ni ones i n  th e  s tu d y  o f  w a t e r  an 1 
e l e c t  red 7' t e  aboo.rpxicn  i n  man : t  e problem o f  e^dc.-e"" ous 
s e c r e t i o n s .
Gut,  9, 550-555
S l a d e n ,  1. .1. a n :  .:awson, A,,i.  ( 1 )6 l )
1 n t  e r -  r  : 1 mi i  ons h i  - 3 ce tween t h e  a b s o r r t i o n  o f  -- ' luc^se, sodium 
and .’Cater  b?" t h e  n o r  m l  human j e i un urn.
C l i n i c a l  S c i e - c e ,  5 6 , 1 1 9 - 1 : 2
Spec t o r ,  M.ri. , L e v in e ,  C .. M and De r a n ,  J . J ,  ( 19 7 7 )
mi r e s t  an i i n d i r e c t  e f f e c t s  o f  d e x t r o s e  and a .mine a c i l s  on
G^stroo mtero l o .—-, 72, 7C6- 7 1 C
S t a n l e y ,  I. I. , r a u l , J .  , Gacke,  D. and --lurphy, J . ( l 9 7 5 )
3 o m p a r '• c Lv; e ' f e e t -■ o f  c mole ^ ty : ‘a l ine  , mcta'uic 11 =>nl C i ' l l u l ^  
on f a e c a l  b i l e  s a l t  e x c r e t i o n  i n  man,
Gastroe.mterolo.wv,  6 5 . 339-394
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S t e p  nans  , . i , Y . an  i Ra: . l o l l , M.'f .
f s e  o f  oo' . ' .csnr-rte :,  b a l a n c e  1, H o  uid ela-ne ' t a l  d i e t  ^o r  
n u t  r i t  i  on ?.l m-'na -e me a t  o f  a a t a ' - o T i c  s t a t e s .
.’s.nn a l o  of  . e r p ,  171 ,  612-667
i t  e w a z ' t , J , S . ( 1 9 71 )
l i i n i o o l  a 11 r i o r p t o l o g i a  r e s - o n a e  t o  g l u t e n  w i t - l r a u o l .
1 n 2 . W i n  .h’ct roe ;r tey?o  1 o y y , 1 oe 1 ia.o .)i s e s e
.j i . Cooke ,  . . / I .  an 1 A O o u i th ,  P .  Po l  5 ( 1 ) » Ch. 7 L o n l o n P l e u n d o i r
S t r a n d , l .  ( l ? 6 j )
. u f f e a t s  o f  ) - an 1 —L- 1 z ' i - i o  1 o t r o n i ne anS o f  i i r o n y l t h i o u r a c i l  on 
t ne p r o d n o t i o n  o f  b i l e  a o i i s  i n  t h e  r a t .
J o u r n a l  o f  L i a i t  n e s a or n h,  J ,  5 - p l l
I h o m a s ,  P . O . ,  r u i a . , S . L . ,  . Intoc'ninez", J . J . ,  Doioy,  S.A,
S l l i o t t ,  .7.H. a n d  f h a y e r ,  S .A ,  and  D o l s y ,  E.A.  -i/ ( 1 9 6 4 )
P i l e  a c i d s ,  AI-'  ^ M e t a b o l i s m  o f  l i t h o c h o l i c - » 2 A -  1 i n  t h e  r a t .  
J o u r n a l  o f  B i o l o r i o p . l  She mist r v , 239 ,  102-105
f  ho nos on ,  -.-MR.j S t e ' ^ h e n s , MV. ,  R a n d a l l ,  h . T .  a nd  howen ,  J . R .  ( 1 9 6 7  
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